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HYBRID POLYPEPTIDES WITH ENHANCED 
5 PHARMACOKINETIC PROPERTIES 



10 

1. jryruppucTXON 
The present invention relaj:es to enhancer peptide 
sequences originally derived from various retroviral envelope 
(gp41) protein sequences that enhance the pharmacokinetic 
properties of any core polypeptide to which they are linked. 

^5 The invention is based, in part, on the discovery that hybrid 
polypeptides comprising the enhancer peptide sequences linked 
to a core polypeptide possess enhanced pharmacokinetic 
properties such as increased half life. The invention 
further relates to novel anti-fusogenic and/or anti-viral^ 
peptides, including ones that contain such enhancer peptide 

20 sequences, and methods for using such peptides. The 
invention further relates to methods for enhancing the 
pharmacokinetic properties of any core polypeptide through 
linkage of the enhancer peptide sequences to the core 
polypeptide. The core polypeptides to be used in the 
practice of the invention can include any pharmacologically 

2^ useful peptide that can be used, for example, as a 

therapeutic or prophylactic reagent. In a non-limiting 
embodiment, the invention is demonstrated by way of example 
wherein a hybrid polypeptide comprising, for example, an HIV 
core polypeptide linked to enhancer peptide sequences, is 
shown to be a potent, non-cytotoxic inhibitor of HIV-1, HlV-2 

30 and SIV infection. Additionally, the enhancer peptide 

sequences of the invention have been linked to a respiratory 
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syncytial virus (RSV) core polypeptide and a luteinizing 
hormone receptor (LH-RH) core polypeptide. In each instance, 
the hybrid polypeptide was found to possess enhanced 
pharmacokinetic properties, and the RSV hybrid polypeptide 
exhibited substantial anti-RSV activity. 

5 

2 . BACKGROUND OF THE INVENTION 
Polypeptide products have a wide range of uses as 
therapeutic and/or prophylactic reagents for prevention and 
treatment of disease. Many polypeptides are able to regulate 
biochemical or physiological processes to either prevent 
disease or provide relief from symptoms associated with 
disease. For example, polypeptides such as viral or 
bacterial polypeptides have been utilized successfully as 
vaccines for prevention of pathological diseases. 
Additionally, peptides have been successfully utilized as 
therapeutic agents for treatment of disease symptoms. Such 
peptides fall into diverse categories such, for example, as 
hormones, enzymes, immunomodulators , serum proteins and 
cytokines • 

For polypeptides to manifest their proper biological and 
therapeutic effect on the target sites, the polypeptides mu^t 
be present in appropriate concentrations at the sites of 
action. In addition, their structural integrity must 
generally be maintained. Therefore, the formulation of 
polypeptides as drugs for therapeutic use is directed by the 
chemical nature and the characteristics of the polypeptides, 
such as their size and complexity, their conformational 
requirements, and their often complicated stability, and 
solubility profiles. The pharmacokinetics of any particular 
therapeutic peptide is dependent on the bioavailability, 
distribution and clearance of said peptide. 

Since many bioactive substances, such as peptides and 
proteins, are rapidly destroyed by the body, it is critical 
to develop effective systems for maintaining a steady 
^® concentration of peptide in blood circulation, to increase 
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the efficacy of such peptides, and to minimize the incidence 
and severity of adverse side effects. 

3. SUMMARY OF THE INVENTION 
The present invention relates, first, to enhancer 
^ peptide sequences originally derived from various retroviral 
envelope (gp41) protein sequences i.e. . HIV-1, HIV-2 and SIV, 
that enhance the pharmacokinetic properties of any core 
polypeptide to which they are linked. The invention is based 
on the surprising result that when the disclosed enhancer 
peptide sequences are linked to any core polypeptide, the 

10 resulting hybrid polypeptide possesses enhanced 

pharmacokinetic properties including, for example, increased 
half life and reduced clearance rate relative to the core 
polypeptide alone. The present invention further relates to 
such hybrid polypeptides and core polypeptides, and to novel 
peptides that exhibit anti-f usogenic activity, antiviral 

1^ activity and/or the ability to modulate intracellular 

processes that involve coiled-coil peptide structures. Among 
such peptides are ones that contain enhancer peptide 
sequences . 

Core polypeptides can comprise any peptides which may be 
introduced into a living system, for example, any peptides 

20 capable of functioning as therapeutic, prophylactic or 
imaging reagents useful for treatment or prevention of 
disease or for diagnostic or prognostic methods, including 
methods in vivo imaging. Such peptides include, for 
example, growth factors, hormones, cytokines, angiogenic 
growth factors, extracellular matrix polypeptides, receptor 

2^ ligands, agonists, antagonists or inverse agonists, peptide 
targeting agents, such as imaging agents or cytotoxic 
targeting agents, or polypeptides that exhibit antifusogenic 
and/or antiviral activity, and peptides or polypeptides that 
function as antigens or immunogens including, for example, 
viral and bacterial polypeptides. 

^0 The invention further relates to methods for enhancing 

the pharmacokinetic properties of any core polypeptide 
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through linkage of the core polypeptide to the enhancer 
peptide sequences to form hybrid polypeptides. 

The invention still further relates to methods for using 
the peptides disclosed herein, including hybrid polypeptides 
containing enhancer peptide sequences. For example, the 
methods of the invention include methods for decreasing or 
inhibiting viral infection, e.g, . HIV-1, HIV-2, RSV, measles, 
influenza, parainfluenza, Epstein-Barr , and hepatitis virus 
infection, and/or viral-induced cell fusion events. The 
enhancer peptide sequences of the invention can, 
additionally, be utilized to increase the in vitro or ex-vivo 
half -life of a core polypeptide to which enhancer peptide 
sequences have been attached, for example, enhancer peptide 
sequences can increase the half life of attached core 
polypeptides in cell culture or cell or tissue samples. 

The invention is demonstrated by way of examples wherein 
hybrid polypeptides containing an HIV core polypeptide linked 
to enhancer peptide sequences are shown to exhibit greatly 
enhanced pharmacokinetic properties and act as a potent, non- 
cytotoxic inhibitors of HIV-1, HIV-2 and SIV infection. The 
invention is further demonstrated by examples wherein hybrid 
polypeptides containing an RSV core polypeptide or a 
luteinizing hormone polypeptide are shown to exhibit greatly 
enhanced pharmacokinetic properties. In addition, the RSV 
hybrid polypeptide exhibited substantial anti-RSV activity. 



3.1. DEFINITIONS 

Peptides, polypeptides and proteins are defined herein 
as organic compounds comprising two or more amino acids 
covalently joined, e.g. . by peptide amide linages. Peptides, 
polypeptide and proteins may also include non-natural amino 
acids and any of the modifications and additional amino and 
csurboxyl groups as are described herein. The terms 
"peptide," "polypeptide" and "protein" are, therefore, 
utilized interchangeably herein. 

Peptide sequences defined herein are represented by one- 
letter symbols for amino acid residues as follows: 
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A (alanine) 
R (arginine) 
N (asparagine) 
D (aspartic acid) 
C (cysteine) 
Q (glutamine) 
E (glutamic acid) 
5 G (glycine) 
H (histidine) 
I (isoleucine) 
L (leucine) 
K (lysine) 
H (methionine) 
F (phenylalanine) 
P (proline) 
S (serine) 
10 T (threonine) 
W (tiYPtophan) 

Y (tyrosine) 

V (valine) 

X (any amino acid) 



"Enhancer peptide sequences*' are defined as peptides 
having the following consensus amino acid sequences: 
"WXXWXXXI", "WXXWXXX", "WXXWXX", "WXXWX", "WXXW", "WXXXWXWX", 
"XXXWXWX", "XXWXWX", "XWXWX", "WXWX", "WXXXWXW", "WXXXWX", 
"WXXXW", "IXXXWXXW", "XXXWXXW", "XXWXXW", "XWXXW", 
"XWXWXXXW", "XWXWXXX", "XWXWXX", "XWXWX", "XWXW", "WXWXXXW", 
or "XWXXXW", wherein X can be any amino acid, W represents 
tryptophan and I represents isoleucine. As discussed below, 
the enhancer peptide sequences of the invention also include 
peptide sequences that are otherwise the same as the 
consensus amino acid sequences but contain amino acid 
substitutions, insertions or deletions but which do not 
abolish the ability of the peptide to enhance the 
pharmacokinetic properties of a core peptide to which it is 
linked relative to the pharmacokinetic properties of the core 
polypeptide alone. 

"Core polypeptide" as used herein, refers to any 
polypeptide which may be introduced into a living system and, 
thus, represents a bioactive molecule, for example any 
polypeptide that can function as a pharmacologically useful 
peptide for treatment or prevention of disease. 
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"Hybrid polypeptide" as used herein, refers to any 
polypeptide comprising an amino, carboxy, or amino and 
carboxy terminal enhancer peptide sequence and a core 
polypeptide. Typically, an enhancer peptide sequence is 
linked directly to a core polypeptide. It is to be 
understood that an enhancer peptide can also be attached to 
an intervening amino acid sequence present between the 
enhancer peptide sequence and the core peptide. 

"Antifusogenic" and "anti-membrane fusion," as used 
herein, refer to a peptide's ability to inhibit or reduce the 
level of fusion events between two or more structures e.g. , 
cell membranes or viral envelopes or pili, relative to the 
level of membrane fusion which occurs between the structures 
in the absence of the peptide. 

"Antiviral," as used herein, refers to the peptide's 
ability to inhibit viral infection of cells via, e.g. , cell 
fusion or free virus infection. Such infection can involve 
membrane fusion, as occurs in the case of enveloped viruses, 
or another fusion event involving a viral structure and a 
cellular structure, e.g. . fusion of a viral pilus and 
bacterial membrane during bacterial conjugation) . 

4. BRIEF DESCRIPTION OF DRAWTNG5 
FIG. 1. Hybrid polypeptides. Enhancer peptide 
sequences derived from putative N-terminal and C-terminal 
interactive regions are depicted linked to a generic core 
polypeptide. Conserved enhancer peptide sequences are 
shaded. It is to be noted that the enhancer peptide 
sequences indicated may be used either as - terminal, c- 
terminal, or - and C-terminal additions. Further, the 
enhancer peptide sequences can be added to a core polypeptide 
in forward or reverse orientation, individually or in any of 
the possible combinations, to enhance pharmacokinetic 
properties of the peptide. 

FIG. 2A. Enhancer peptide sequences derived from 
various envelope (gp4l) protein sequences, representing the 

- 6 - 
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N-terminal interactive region observed in all currently 
published isolate sequences of HIV-1, HIV-2 and SIV. The - 
final sequence "WXXWXXXI" represents a consensus sequence, 

FIG. 2B. Enhancer peptide sequence variants derived 
5 from various envelope (gp41) protein sequences, representing 
the C-terminal interactive region obseirved in all currently 
published isolate sequences of HIV-1, HIV-2 and SIV. The 
final sequence "WXXXWXWX" represents a consensus sequence. 

FIG. 3. Comparison of HIV-1 titres in tissues of HIV-1 
10 9320 infected SCID-HuPBMC mice as measured by P24 Levels in 
HuPBMC co-culture assays. The figure shows a comparison of 
in vivo T20 and T1249 viral inhibition. 

FIG. 4A-4B. Plasma pharmacokinetic profile of T1249 vs- 
T1387 core control in CD-rats following IV injection for up 
" to 2 hrs (FIG. 4A) and 8 hrs (FIG. 4B) . The T1387 

polypeptide is a core polypeptide and the T1249 polypeptide 
is the core polypeptide linked to enhancer peptide sequences. 

FIG. 5. Plasma pharmacokinetic profile of T1249 vs. T20 
control in CD-rats following IV administration. The T1249 
20 polypeptide is a hybrid polypeptide of a core polypeptide 
(T1387) linked to enhancer peptide sequences. T20: n=4; 
T1249: n=3. 

FIG. 6. Comparison of T20/T1249 Anti-HIV-l/IIIb 
activity and cytotoxicity. 

25 

FIG. 7. Direct Binding of T1249 to gp41 construct 
M41A178. ^^^I-T1249 was HPLC purified to maximum specific 
activity. Saturation binding to M41A178 (a gp41 ectodomain 
fusion protein lacking the T20 amino acid sequence) 
immobilized in microtitre plates at 0.5 mg/ml is shown. 



- 7 - 



wo 99/59615 



PCT/US99/11219 



FIG. 8. Time Course of T1249 Association/Dissociation. 
The results demonstrate that ".^I-T1249 and "^I-T20 have 
similar binding affinities of 1-2 nM. Initial on and off 
rates for "^I-T1249 were significantly slower than those of 
125I-T20. Dissociation of bound radioligand was measured 
following the addition of unlabeled peptide to a final 
concentration of 10/im in 1/10 total assay volume. 

FIG. 9. Competition for T1249 Binding to M41A178. 
Unlabeled T1249 and T20 were titrated in the presence of a 
single concentration of either "^I-T1249 or "^I-T20. Ligand 
was added just after the unlabeled peptide to start the 
incubation. 

FIG. lOA-lOB. Plasma pharmacokinetic profile of RSV 
hybrid polypeptides T1301 (lOA) and T1302 (lOB) vs. T786 in 
CD rats. 

FIG. IIA. Plaque Reduction Assay. Hybrid polypeptide 
T1293 is capable of inhibiting RSV infection with an IC50 2.6 
Mg/ml. 

FIG. IIB. Plaque Reduction Assay demonstrates the 
ability of RSV Hybrid Polypeptides T1301, T1302 and T1303 to 
inhibit RSV infection. 



FIG. 12A and 12B. Plasma pharmacokinetic profile of 
luteinizing hormone hybrid polypeptide T1324 vs T1323 in CD 
male rats. The T1323 polypeptide is a luteinizing hormone 
core polypeptide and the T1324 polypeptide is a hybrid 
polypeptide comprising a core polypeptide linked to enhancer 
peptide sequences. 



FIG. 13. Hybrid polypeptide sequences derived from 
various core polypeptides. Core polypeptide sequences are 
shown shaded. The non-shaded amino and carboxy terminal 
sequences represent enhancer peptide sequences. 
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FIG. 14A-B. Circular Dichroism (CD) spectra for T1249 
in solution (phosphate buffered saline, pH 7) alone (10 a^M at 
IQC; FIG. 14A) and in combination with a 45-residue peptide 
from the gp41 HRl binding domain (T1346) ; the closed square 
(■) represents a theoretical CD spectrum predicted for a 
5 "non-interaction model" whereas the actual CD spectra are 
represented by the closed circle (•). 

FIG. 15. Polyacrylamide gel electrophoresis showing 
T1249 protection of the gp41 construct M41A178 from 
proteinase-K digestion; lane l: primer marker; lane 2: 
10 untreated M41A178; lane 3: M41A178 incubated with 

proteinase-K; lane 4: untreated T1249; lane 5: T1249 
incubated with proteinase-K; lane 6: M41A178 incubated with 
T1249; lane 7: incubation of T1249 and M41A178 prior to 
addition of proteinase-K. 

15 FIG. 16A-C. Pharmacokinetics of T1249 in Sprague-Dawley 

albino rats; FIG. 16A: pharmacokinetics of T1249 in a 
single dose administration by continuous subcutaneous 
infusion; FIG. 16B: Plasma pharmacokinetics of T1249 
administered by subcutaneous injection (SC) or intravenous 
injection IV) ; FIG. 16C: Kinetic analysis of T1249 in lymph . 

20 and plasma after intravenous administration. 

FIG. 17A-B Pharmacokinetics of T1249 in cynomolgus 
monkeys; FIG. 17 A: plasma pharmacokinetics of a single 
0.8 mg/kg dose of T1249 via subcutaneous (SC) intravenous 
(IV) or intramuscular (IM) injection; FIG. 17B: Plasma 
25 pharmacokinetics of subcutaneous ly administered T1249 at 
three different dose levels (0.4 mg/kg, .0.8 mg/kg, and 
1.6 mg/kg) . 

5. DETAILED DESCRIPTION OF TH E INVENTION 
30 Described herein are peptide sequences, referred to as 

enhancer peptide sequences, derived from various retroviral 

- 9 - 
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envelope (9p41) protein sequences that are capable of 
enhancing the pharmacokinetic properties of core polypeptides 
to which they are linked. Such enhancer peptide sequences 
can be utilized in methods for enhancing the pharmacokinetic 
properties of any core polypeptide through linkage of the 
^ enhancer peptide sequences to the core polypeptide to form a 
hybrid polypeptide with enhanced pharmacokinetic properties 
relative to the core polypeptide alone. The half life of a 
core peptide to which an enhancer peptide sequence or 
sequences has been attached can also be increased in vitro. 
For example, attached enhancer peptide sequences can increase 
the half life of a core polypeptide when present in cell 
culttire, tissue culture or patient samples, such as cell, 
tissue, or other Seunples. 

The core polypeptides of the hybrid polypeptides of the 
invention comprise any peptide which may be introduced into a 
living system, for example, any peptide that can function as 

^5 a therapeutic or prophylactic reagent useful for treatment or 
prevention of disease, or an imaging agent useful for imaging 
structures in vivo. 

Also described herein are peptides, including peptides 
that contain enhancer peptide sequences, that exhibit antir 
fusogenic and/or anti-viral activity. Further described 

20 herein are methods for utilizing such peptides, including 
methods for decreasing or inhibiting viral infection and/or 
viral induced cell fusion. 

5.1. HYBRID POLYPEPTIDRS 
The hybrid polypeptides of the invention comprise at 
2^ least one enhancer peptide sequence and a core polypeptide. 
Preferably, the hybrid polypeptides of the invention comprise 
at least two enhancer peptide sequences and a core 
polypeptide, with at least one enhancer peptide present in 
the hybrid polypeptide euaino to the core polypeptide and at 
least one enhancer peptide sequence present in the hybrid 
^0 polypeptide carboxy to the core polypeptide. 



- 10 - 
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The enhancer peptide sequences of the invention comprise 
peptide sequences originally derived from various retroviral 
envelope (gp 41) protein sequences, including HIV-1, HIV-2 
and SIV sequences, and specific variations or modifications 
thereof described below. A core polypeptide can comprise any 
5 peptide sequence, preferably any peptide sequence that may be 
introduced into a living system, including, for example, 
peptides to be utilized for therapeutic, prophylactic or 
imaging purposes. 

Typically, a hybrid polypeptide will range in length 
from about 10 to about 500 amino acid residues, with about 10 
to about 100 amino acid residues in length being preferred, 
and about 10 to about 40 amino acids in length being most 
preferred. 

While not wishing to be bound by any particular theory, 
the structure of the envelope protein is such that the 
putative a-helix region located in the C-terminal region of 

^5 the protein is believed to associate with the leucine zipper 
region located in the N-terminal region of the protein. 
Alignment of the N-terminal and C-terminal enhancer peptide 
sequence gp41 regions observed in all currently published 
isolate sequences of HIV-1, HIV-2 and SIV identified 
consensus amino acid sequences. 

20 In particular, the following consensus amino acid 

sequences representing consensus enhancer peptide sequences 
were identified (the consensus sequences are listed below in 
forward and reverse orientations because said enhancer 
peptide sequences can be utilized either in forward or 
reverse orientation) : "WXXWXXXI", "WXXWXXX", "WXXWXX", 

25 "WXXWX", "WXXW", "WXXXWXWX", "XXXWXWX", "XXWXWX", "XWXWX", 
"WXWX", "WXXXWXW", "WXXXWX", "WXXXW", "IXXXWXXW", "XXXWXXW", 
"XXWXXW", "XWXXW", "XWXWXXXW", "XWXWXXX", "XWXWXX", "XWXWX", 
"XWXW", "WXWXXXW", or "XWXXXW", wherein X can be any amino 
acid, W represents tryptophan and I represents isoleucine. 
Forward orientations of consensus amino acid sequences are 
shown in FIGS. 1 and 2. 



- 11 - 
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Typically, an enhamcer peptide sequence will be about- 4, 
5, 6, 7, B, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20^^ 
21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 amino acid residues 
in length, with about 4 to about 20 residues in length being 
preferred, about 4 to about 10 residues in length being more 
preferred, and about 6 to about 8 residues in length being 
most preferred. 

In a preferred embodiment of the invention, enhancer 
peptide sequences which may be used to enhance the 
pharmacokinetic properties of the resultant hybrid 
polypeptides comprise the specific enhancer peptide sequences 
depicted in FIGS. 2, 13, and Table 1, below. Among the most 
preferred enhancer peptide sequences are ones comprising the 
following amino sequence: "WQEWEQKI" and "WASLWEWF". 

By way of example and not by way of limitation. Table 1, 
below, lists amino acid sequences that represent preferred 
embodiments of the enhancer peptide sequences of the enhancer 
peptide sequences of the invention. It is to be understood 
that while the forward orientation of these sequences is 
depicted below, the reverse orientation of the sequences is 
also intended to fall within the scope of the present 
invention. For example, while the forward orientation of the 
enhancer peptide sequence "WMEWDREI" is depicted below, its 
reverse orientation, i.e. . "lERDWEMW" is also intended to be 
included. 

TABLE 1 

WMEWDREI 

WQEWERKV 

WQEWEQKV 

HTWMEWDREI 

NNMTWMEWDREI 

WQEWEQKVRYLEANI 

NNMTWQEWE2KVRYLEANI 

WNWFI 
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WQEWDREISNYTSLI 

WQEWEREI SAYTSLI 

WQEWDREI 

WQEWEI 

WNWF 

5 WQEW 

WQAW 
WQEWEQKI 
WASLWNWF 
WASLFNFF 
WDVFTNWL 

10 WASLWEWF 

EWASLWEWF 
WEWF 
EWEWF 
lEWEWF 
lEWEW 

15 EWEW 

WASLWEWF 

WAGLWEWF 

AKWASLWEWF 

AEWASLWEWF 

WASLWAWF 

20 AEWASLWAWF 

AKWASLWAWF 
WAGLWAWF 
AEWAGLWAWF 
WASLWAW 
AEWASLWAW 

25 WAGLWAW 

AEWAGLWAW 

DKWEWI'" 

lEWASLWEWF 

IKWASLWEWF 

DEWEWF 

30 GGWASLWNWF 

GGWNWF 



-13- 
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In another preferred embodiment, particular enhancer - 
peptide sequences of the invention comprise the enhancer 
peptide sequences depicted in FIGS. 2, 13 and Table 1 
exhibiting conservative amino acid substitutions at one, two 
^ or three positions, wherein said substitutions do not abolish 
the ability of the enhancer peptide sequence to enhance the 
pharmacokinetic properties of a hybrid polypeptide relative 
to its corresponding core polypeptide. 

Most preferably, such substitutions result, in enhancer 
peptide sequences that fall within one of the enhancer 
peptide sequence consensus sequences. As such, generally, 
the substitutions are made at amino acid residues 
corresponding to the "X" positions depicted in the consensus 
amino acid sequences depicted above and in FIGS. 1 and 2. 
"Conservative substitutions" refer to substitutions with 
amino acid residues of similar charge, size and/or 
hydrophobicity/hydrophilicity characteristics as the amino 
acid residue being substituted. Such amino acid 
characteristics are well known to those of skill in the art. 

The present invention further provides enhancer peptide 
sequences comprising amino acid sequences of FIGS. 1, 2, 13 
and Table i that are otherwise the same, but, that said 
enhancer peptide sequences comprise one or more suaino acid 
additions (generally no greater than about 15 amino acid 
residues in length) , deletions (for example, conino- or 
terminal- truncations) or non-conservative substitutions 
which nevertheless do not abolish the resulting enhancer 
peptide's ability to increase the pharmacokinetic properties 
of core polypeptides to which they are linked relative to 
core polypeptides without such enhancer peptide sequences. 

Additions are generally no greater than about 15 amino 
acid residues and can include additions of about 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 consecutive amino 
acid residues. Preferably the total number of amino acid 
residues added to the original enhancer peptide is no greater 
than about 15 amino acid residues, more preferably no greater 

- 14 - 



wo 99/59615 



PCT/ljS99/n219 



than about ten amino acid residues and most preferably no 
greater than about 5 amino acid residues. 

Deletions are preferably deletions of no greater than 
about 3 amino acid residues in total (either consecutive or 
non-consecutive residues) , more deletions preferably of 2 
5 amino acids, most preferably deletions of single amino acids 
residues. Generally, deletions will be of amino acid 
residues corresponding to the "X" residues of the enhancer 
peptide consensus sequences. 

Enhancer peptide sequences of the invention also 
comprise the particular enhancer peptide sequences depicted 
in FIGS. 2, 13 and Table 1 exhibiting one, two or three non- 
conservative amino acid substitutions, with two such 
substitutions being preferred and one such substitution being 
most preferred. "Non conservative" substitutions refer to 
substitutions with amino acid residues of dissimilar charge, 
size, and/or hydrophobicity/ hydrophilicity characteristics 
from the eunino acid residue being replaced. Such amino acid 
characteristics are well known to those of skill in the art. 

In addition, the amino acid substitutions need not be, 
and in certain embodiments preferably are not, restricted to 
the genetically encoded euaino acids. Indeed, the peptides . 
may contain genetically non-encoded amino acids. Thus, in 
2^ addition to the naturally occurring genetically encoded amino 
acids, amino acid residues in the peptides may be substituted 
with naturally occurring non-encoded amino acids and 
synthetic amino acids. 

Certain commonly encountered amino acids which provide 
useful substitutions include, but are not limited to, 
25 p-alanine (P-Ala) and other omega-amino acids such as 

3- aminopropionic acid, 2 , 3-diaminopropionic acid (Dpr) , 

4- aminobutyric acid and so forth; a-aminoisobutyric acid 
(Aib) ; e-aminohexanoic acid (Aha) ; 5-aminovaleric acid (Ava) ; 
N-methylglycine or sarcosine (MeGly) ; ornithine (Orn) ; 
citrulline (Cit) ; t-butylalanine (t-BuA) ; t-butylglycine 
(t-BuG) ; N-methylisoleucine (Melle) ; phenylglycine (Phg) ; 
cyclohexylalanine (Cha) ; norleucine (Nle) ; naphthylalanine 
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10 



15 



20 



25 



(Nal) ; 4-chlorophenylalanine (Phe (4-Cl) ) ; 

2-f luorophenylalanine (Phe{2-F)) ; 3-f luorophenylalanine 
(Phe(3-F)); 4 -f luorophenylalanine (Phe(4-F)); penicilleunine 
(Pen) ; l,2,3,4-tetrahydroisoquinoline-3-carboxylic acid 
(Tic) ; p-2-thienylalanine (Thi) ; methionine sulfoxide (MSG) ; 

homoarginine (hArg) ; N-acetyl lysine (AcLys) ; 2,4- 

diaminobutyric acid (Dbu) ; 2 , 3-diaiainobutyric acid (Dab); 

p-aminophenylalanine (Phe(pNH2)); N-methyl valine (MeVal) ; 

homocysteine (hCys) , homophenylalanine (hPhe) and homoserine 
(hSer) ; hydroxyproline (Hyp) , homoproline (hPro) , N- 
methylated amino acids and peptoids (N-substituted glycines) . 

While in most instances, the amino acids of the peptide 
will be substituted with L-enantiomeric amino acids, the 
substitutions are not limited to L-enantiomeric amino acids. 
Thus, also included in the definition of "mutated" or 
"altered" forms are those situations where an L-amino acid is 
replaced with an identical D-amino acid ( e,a> . L-Arg D-Arg) 
or with a D-amino acid of the same category or subcategory 
( B.a. . L-Arg D-Lys) , and vice versa. 

It is to be understood that the present invention also 
contemplates peptide analogues wherein one or more amide 
linkage is optionally replaced with a linkage other than 
amide, preferably a substituted amide or an isostere of 
amide. Thus, while the amino acid residues within peptides 
are generally described in terms of amino acids, and 
preferred embodiments of the invention are exemplified by way 
of peptides, one having skill in the art will recognize that 
in embodiments having non-amide linkages, the term "amino 
acid" or "residue" as used herein refers to other 
bifunctional moieties bearing groups similar in structure to 
the side chains of the amino acids. In addition the amino 
acid residues may be blocked or unblocked. 

Additionally, one or more amide linkages can be replaced 
with peptidomimetic or amide mimetic moieties which do not 



30 
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significantly interfere with the structure or activity of the 
peptides. Suitable amide mimetic moieties are described, for 
example, in Olson et al., 1993, J. Med. Chem, 36:3049. 

Enhancer peptide sequences can be used to enhance the 
pharmacokinetic properties of the core polypeptide as either 
^ N-terminal, C-terminal, or - and C-terminal additions. While 
it is preferable for the enhancer peptide sequences to be 
utilized in a pairwise fashion, that is, preferably hybrid 
polypeptides comprise an enhancer peptide sequence at both 
the amino- and carboxy-termini , hybrid polypeptides can also 
comprise a single enhancer peptide, said peptide present at 
either the amino- or carboxy- terminus of the hybrid 
polypeptide. Further, the enhancer peptides can be used in 
either forward or reverse orientation, or in any possible 
combination, linked to a core polypeptide. It is noted that 
any of the enhancer peptides can be introduced at either the 
N-terminus or the C-terminus of the core polypeptide. Still 
further, multiple enhancer peptide sequences can be 
introduced to the N-, or - and C-terminal positions of 

the hybrid polypeptides. Multiple enhancer peptide sequences 
can be linked directly one to another via the same sorts of 
linkages as used to link an enhancer peptide sequence to the 
core polypeptide (see below). In addition, an intervening 

2^ amino acid sequence of the same sort as described below can 
also be present between one or more of the multiple enhancer 
peptide sequences. Multiple enhancer peptide sequences will 
typically contain from 2 to about 10 individual enhancer 
peptide sequences (of the same or different amino acid 
sequence) , with about 2 to about 4 being preferred. 

25 It is understood that the core polypeptide is generally 

linked to the enhancer peptides via a peptide amide linkage, 
although linkages other than amide linkages can be utilized 
to join the enhancer peptide sequences to the core 
polypeptides. Such linkages are well known to those of skill 
in the art and include, for example, any carbon-carbon, ester 
or chemical bond that functions to link the enhancer peptide 
sequences of the invention to a core peptide. 
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Typically, an enhancer peptide sequence is linked 
directly to a core polypeptide. An enhancer peptide sec[uence 
can also be attached to an intervening Euaino acid sequence 
present between the enhancer peptide sequence and the core 
polypeptide. The intervening amino acid sequence can 
^ typically range in size from about 1 to about 50 amino acid 
residues in length, with about 1 to about 10 residues in 
length being preferred. The same sorts of linkages described 
for linking the enhancer peptide to the core polypeptide can 
be used to link the enhancer peptide to the intervening 
peptide. 

^ As discussed for enhancer peptide sequences, above, core 

and intervening amino acid sequences need not be restricted 
to the genetically encoded amino acids, but can comprise any 
of the amino acid and linkage modifications described above. 

The amino- and/ or carboxy-termini of the resulting 
hybrid polypeptide can comprise an amino group (-NH2) or a 

^ carboxy (-COOH) group, respectively. Alternatively, the 

hybrid polypeptide amino-terminus may, for example, represent 
a hydrophobic group, including but not limited to 
carbobenzyl, dansyl, t-butoxycarbony 1 , decanoyl, napthoyl or 
other carbohydrate group; an acetyl group; 9- 
f luorenylmethoxy-carbonyl (FMOC) group; or a modified, non- 

® naturally occurring amino acid residue. Alternatively, the 
hybrid polypeptide carboxy-terminus can, for example, 
represent an amido group; a t-butoxycarbony 1 group; or a 
modified non-naturally occurring amino acid residue. As a 
non-limiting example, the amino- and/ or carboxy-termini of 
the resulting hybrid polypeptide can comprise any of the 

^ amino- and/ or car boxy-terminal modifications depicted in the 
peptides shown in FIG. 13 or Table 2, below. 

Typically, a hybrid polypeptide comprises an amino acid 
sequence that is a non-natural ly occurring amino acid 
sequence. That is, typically, the amino acid sequence of a 
hybrid polypeptide, does not consist solely of the amino acid 

^ sequence of a fragment of an endogenous, naturally occurring 
polypeptide. In addition, a hybrid polypeptide is not 
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intended to consist solely of a full-length, naturally 
occurring polypeptide. 

Core polypeptides can comprise any polypeptide which may 
be introduced into a living system, for example, any 
polypeptide that can function as a pharmacologically useful 
^ polypeptide. Such core polypeptides can, for example, be 
useful for the treatment or prevention of disease, or for use 
in diagnostic or prognostic methods, including in vivo 
imaging methods. The lower size limit of a core polypeptide 
is typically about 4-6 amino acid residues. There is, 
theoretically, no core polypeptide upper size limit and, as 
^® such a core polypeptide can comprise any naturally occurring 
polypeptide or fragment thereof, or any modified or synthetic 
polypeptide. Typically, however, a core polypeptide ranges 
from about 4-6 amino acids to about 494-500 amino acids, with 
about 4 to about 94-100 amino acid residues being preferred 
and about 4 to about 34-40 amino acid residues being most 
preferred. 

Examples of possible core polypeptides, provided solely 
as example and not by way of limitation, include, but are not - 
limited to, growth factors, cytokines, therapeutic 
polypeptides, hormones, e.g. . insulin, and peptide fragments 
of hormones, inhibitors or enhancers of cytokines, peptide 

20 growth and differentiation factors, inter leukins, chemokines, 
interferons, colony stimulating factors, angiogenic factors, 
receptor ligands, agonists, antagonists or inverse agonists, 
peptide targeting agents such as imaging agents or cytotoxic 
targeting agents, and extracellular matrix proteins such as 
collagen, laminin, fibronectin and integrin to name a few. 

25 In addition, possible core polypeptides may include viral or 
bacterial polypeptides that may function either directly or 
indirectly as immunogens or antigens, and thus may be useful 
in the treatment or prevention of pathological disease. 

Representative examples of hybrid polypeptides which 
comprise core polypeptides derived from viral protein 

^0 sequences are shown in FIG. 13, wherein the core polypeptide 
sequences are shaded. Core polypeptides also include, but 
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are not limited to, the polypeptides disclosed in U.S. Patent 
No. 5,464,933, U.S. Patent No. 5,656,480 and WO 96/19495, - 
each of which is incorporated herein by reference in its 
entirety . 

Core polypeptide sequences can further include, but are 
5 not limited to the polypeptide sequences depicted in Table 2, 
below. It is noted that the peptides listed in Table 2 
include hybrid polypeptides in addition to core polypeptides. 
The sequence of the hybrid polypeptides will be apparent, 
however, in light of the terminal enhancer peptide sequences 
present as part of the hybrid polypeptides. 
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1446 AoKAVVStBNOVSVLTBKVLDUaiVBSfC^^ 

1446 AoAVVStJBNGVSVLTKCVUSUCNYIDKQLJ^^ 

1447 AoVV8U6KaV8\a.T6KNaiHJCNY^^ 
1446 AoVSLBNOVSVLTSKVLDLKI^^ 

1449 Ae«t6NGVSVLTBI0aJDtKIIYIDiaaiI^^ 

1460 AoUKGVSVLTBKVUKiaiY^^ 

1461 Ao«lf(IVSyLT6t€VU)UaiYI0^^ 

1462 Ai04iGVSVLT6IMIMMIYB)^^ 
1453 Ao-GVSVLTBfCVUHJOIYIDfQQ^ 
1464 Ao4/S\A.TBfWU)UOIYIDiaU^^ 

1466 Ao«VLTBKVlJDUafVn^^ 

14S6 AcAOjmcvuuomoioauiwNi^ 

1467 Ao4X6KIAJDUaiY»QaUL^^ 

1468 AoTBKyuxjamoiaaii^^ 

1469 AoWVULKKTBUCQUAVIIitt^^ 
1460 Ao4CyiJXjairafCQIJL^^ 

4461 AoWXJCKVSXOCUJLPCV^^ 
A94i)LKKYnQQUPIVIII^^ 

i464 A&UCKYVXCQLJLPfVKKQSUS^^ 

1466 Ae4«yniQQUJtVlligG6tlS6^ 
A04iyPWQlJLPIVNW0SI ^^ 

1467 Ao^mNQLLPIVilKX^^ 

4466 Ao4DIQQUJPtVKmSIIS»aEraER2^^ 

4M AMOaUPNUmSt t^M^ 

tm AMQCttXjpivNmsustsiaEivBwraii^ 

Ao4VXPIVIIiaaSU86liraVIB:QQKm^^ 

t47X AA^nrPSOEYDAStSavmEBKCMtA 

Mn' aVNEBBKMUmraCIUIBJ^^ 

1476 Ao4)enM8»CXVIIEBIiGUUAYIREM)a#m 

ten toMBeuttWH ttmii i mi i ii rii iu jWNBiagviajfrwitt 

U60 AoWK^ttwrtMB^tfiirtiMVI TO 

1481 A/^yiMBtyatPtsMiiMvagMis^ 

H8S A9mUI8IJEeBQIN»aO»EUaJDi^^ 
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tm Ao^nsuHsuEEBONOQexiieQajuu 

U8S AorrSLMSUEESQtQQEXNBQEUJEII^^ 

100 Ao.YnUH8tJEE8QIIQaEKN8«J^ 

1491 Ao-YTSLHSLEESQIGKaEKNEyELLELD]^^ 

tm Ao-YTSUKSUEESQKKtaOIEmjQKLDK^ 

1493 Ae-Y18IJRfStJEE8QlfC»EI«B^ 

U94 AeAT6UHSUSESQK(K£XNEVCLQia^ 

1495 Ao-YT8UHStlEEBCUCK)a«BSJQiaJDI^^ 

1496 Ae«(QD(VBQKnrAIJLBQACKQaS 

1497 AoW2EWB(mAiiJBMCaQCQ<lfE^ 
1499 Ao4AR2eVVBCtfCnAU£QAQKKHS^^ 
1499 Ae4IVC0fVBmAU£QAQIQCe<NE1^^ 
1000 Ao^VQEWECtfOTALLEMQICKSEKKEmr^^ 
1601 AomeWECHOTALUSGMjOfQ^^ 

1692 Ao^WQeWBCttOTALLEQAQ^ 

1603 AoJWQBftEC^AUfQAQiaQEraiEYEL^^ 

1604 AcJlNQBHeomMlBOMi^ 

1606 ADJiraBNEQiarAUfQAQIQCeCIE^ 

. 1609 AoWQEWEQtaTAt f mAQfOQEKGgYElJOKLDKWEVW^^ 

1607 AoWQEWBQiarAf I f=nA<OTCm»rELJLaxaWEiWg4IH2 
1689 AomEM«8KnAU£QAQ2OQS06Emj^^ 

1689 AoWCH9MBG9arAU£CUU)^^ 

1610 ApWaBWBQKnrAI f fWQfQQFWSgVEllJBJtfa^^ 

1611 AoJVVQQNBOiarALtJBCMOIQ^ 
16tt Ao4f«QBWfBQtCirAltl^ 
16C9 ApWC MBW lBC B a rAtffm^ 
1614 AoJIfVCeiVBaarALLBGA^^ 

1C16 AoWQEIMEREnrAt t fQAQfOfyKMEyn lUa lEVWStWEIWIfltt 

1619 AelWQBniBaSQEiCHEyEUQiai^^ 

1617 K&¥iOEINERB&CmOBtWaKi^^ 

.1619 A04NQQMQAflKKUBKIIB«i3^^ 

1619 Ao4mBWICUUaiQQBa3E«AI^^ 
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1520 PEG«V\nEVVEQRITAIi£QAQiQQER^ 

1621 Ao^WQEWEQIOTALiEQAQIQQERNEVSXl^^ 

1522 PE6-YTSLITAU£QAQIQQERNEQEL13J>EWASLV^^ 

1523 Ao-YT5ijrALI£QACUQQERNEQELL£mEVyASLV\^^ 

1526 PE6-GVVQEWEQRrrALLEC^QlQQEfWEYELC£LX)EVVA% 

1527 Ao<3VWEVVEQRITALLEQAQIQQERNEYELQEU5EW^ 

1528 PE6.YTCU6SUEESQIQQBWEQEUHJ)fWASLVyeAF^ 

1529 PEG-GVWQEVVEQRITALI£QACaQQERNEYELQRIJ)RW^ 

1530 Ac<5\A/QE\AEQRrrALLEQAQtQQERNEYELQRLDRWAS^ 

1531 PEG-GV\«EWEQRITAIJ-EQAQIQQERNEYELQELDRWASLWEV^ 

1532 A0<3VVQEVVEQRrrALl£QAQIQQERNEY^LQEU)RWASLVV^^ 

1533 PEG.YTSUGSUEESQNQQERNEQEll£LDRWASLVVNVVF-NH2 

1534 Ac.YTSUGSUEESQNQQERNEQBI£IJDRWASLWNVVF4aH2 

1538 Ac-YTSUHSUEESQNQQEK-OH 

1539 NEQELLELOK 

1540 WASLWr4WF-NH2 

1642 Ao^MVVEQKTTAU^CMQIQQEKNEYELQKLDKmSLVVEV^ 

1543 AoA/VQEAAAKTTAIifQAQIQQEKNEYELQKLDK^ 

1544 AoAmEVVEQAAAAUfQAQICK^EKNEYELQKLOKW^ 

1545 AoAAraE\AEQiaTAAAEC^QIGK3EKNEYELQKLDKWASLVVE^ 

1546 AC-VVQBAEQKITALLAAAQIQQEKNEYELQKLDKWASLV^^ 

1547 Ac^VVQBAEQKTTALLECWVAAQEKNEYELQKIJJKW^ 

1548 Ac-VVQEVVEQKrrAU^QAQlQAAANEmQKU)KWASLW^^ 

1549 AoAA/QEWEQKrrALLEQAQIQQEKAAAELQKLDKWASLW^ 

1550 Ao-VVQBAEQKrrALLEQAQICKaEKNEyAAA^ 

1551 AoAWEVVEQKITAU^QAQIQQEKNEYELQAAAK^^ 

1552 Ao-VWEWEQKITALLEQAQIQQEKNEYELQKIJ)AAASLVV^ 

1553 Ac-VVQEWEQKTTAIXEQAQIQQEKNEYELQKLDKWAAAA 

1554 A(>A/VQBAO:iKITALLEa\QtCK3EKNEYELQKL^ 

1556 Ao-YrSUHSUEESQN(^EKNEQELUJ)IOA/ASLVVNW^ 

1557 AD-YTSUHSUEESQNQEKNEQEIJ^LDKWASLVVNWF-Nm 

1558 Ae>ERTU)FHDS-NH2 

1559 Ac>-YTSUHSUEESQNCK:^EKNEQELLELDKWASLWN(V^ 

1563 Ac>^YTSUHSLIEESQN(Q)QEKNEQEU£IDICWASLVV^^ 

1564 AC.YTSUHSUEESQNQQDKWASLWNWF-NH2 

1566 Ao-nreiMDIEQNNVGKSIOCGiQQLQKVVEOW^ 

1567 A(>4NQT1VVNH6NlTLGEVVYNQ1Ta>tXlCU<FYBIM0iE^ 

1568 Ac>VmHGNITLGEV^niT4QTKDLQQKFYBiMDIEQN^ 

1572 Ao-YTOUHSUEESENQQEKNEQEIi£LDKWASLW^^ 

1573 Ac>-YTSUHSUEESQDCK:^EKNEQELLHJ}KWASLWNV^ 

1574 Ac-YreUHSUEESQNEQEKNECELI£LDKWASLWNVVF4^ 

1575 o-YT^HSUEESQNQEEKNEQ£LLELOKWASLVVNVVF-NH2 

1576 Ac-YTSUHSUE£SQNQQEKDEQELLai)KWASLVVr^^H2 

1577 A(>4.GEVynrNQTKDLCK3ia=YBlMDlEQNNVQGKKGIQCH^ 

1578 AoWrNGITia}LQQKFYBIMDIEQNNVQGICKGIQQL^^ 

1579 AoYTSUHSUEESWQQEKNEEELLEmKW/^LVVNV^ 

1580 Ao.YTCUHSU£ES(^CK2EKNEQELLQi)KVW^ 

1586 Ac-XTBUHSUE£SQNQQEKNEQBJ£LDKWASLWNm 

1588 Ac-YNQTKDLQCU<FYBIMDIEQNNVCK3iQCGIQQLQKV^ 

1598 /V>YTSUHSUEESQNQQEKNEQELI£LDKWASLVVNV^ 

1600 A&.TUVQARQLi£GIVQQQNNLlPAIEAQQHLLGU.TS^ 

1603 Ao4.CX3KFYEIlMDIEQNNVQ6KNSIQQLQKWE0^^ 

1627 Ac>-YTBUHSUEESQNQQEKNECaEULALDK^^ 

1628 A>YT8UHSUEESQN(K3EKNEQBJ£Mi^^ 
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1629 Ao-YlSUHSUEESCmQQEKNEQELJ£LAKVVA8LVVNWF-NH2 

1630 A(>YTBUHSUEESQN<XEiCAEQBJ£L0KWASLVVNWF^H2 

1631 Ao-YTSUHSUEESQNQQEKNAQBJ.ELOKWASLVVN\Aff^H2 

1632 AO-YTSUHSUEESQNQQEKNEAEUHJ3KVVA8LVVNVVP41H2 

1634 A0^EVVECU<rrALLEQAQIQQEKNEQElX)KL0KWASLVVEWF-NH2 

1635 Ai>4AIQEVyEQKrrAU£CW3IQQEKAEYEmKLOK^^ 

1636 A(>WQEVVEQKrrALi£QA(»QQEKNAmCUaJ}KWASLVVEVM^ 

1637 Ac-VyK}EWEQKITALLEQAQtQQEKNEAELQiaJ3KVUASLVVEVVF-NH2 

1644 Ao-EV1}LRRVyEK4IH2 

1645 AC-EQELLELOK44H2 

1646 Ao-€YELQKLOK-NH2 

1647 A(>W3BftEQKrrALLEQAQIQQEKNEQEUJ<LOKWASLVVEWF-NH2 
1646 Ai>VynEVVEQKITALl£QAQIQQEKNEQEl±EL0KWASLVVEWF-NH2 

1649 A&WQEWEQKiTALLEQAQIQQEKNDKWASLVVEVyF-NH2 

1650 A(>YTSUHSUEESQNQAEKNEQEU£U}iOAMSLVVNVVF-NH2 

1651 Ao-YTSUHSUEESQNQQAI<NEQEU.m}KVVASLVVI4VVF-NH2 

1652 A0-YTSUHSUEESQNQQEANEQELLELDKWASLWNWF-NH2 

1653 Ao-YTSUHSUE^ANQQEANEQELLELDKWASLVVNWF-NH2 

1654 A&-YTSUHSUEESQAQQEKNEQELLELDKWASLWNWF-NH2 

1655 AO-YTBUHSUEESQNAQEKNEQEIJ.EIJ3KWASLVVI4VVF-NH2 

1656 Ao-YTSUHAUE^NCK3EKNEQEU£LI)KVVASLVM4VVF-N 

1657 AoATSLIHSAIEESQNCIQEKNEQELl£U3KWASLVVNVVF-NH2 

1658 AD-VYPSDEYDASISQVNEEINQALAYIRKADELLENV-NH2 

1659 AcATSUHSUEESQNQQEKNEQEU£LJ3KWASLVVNVVF-NH2 

1660 A(>YT^HSUEESQNQQEKNEQEL1EL0KWASLVVNWF-NH2 

1661 A(>-YTSUHSUEESQNQQB<NEQEU.EU}KWASL\Aff4VVF-NH2 

1662 A(>-YTSLIASUEESQN(X3Era4EQELLELOKVV»SLVVNVW:-^H2 

1663 A&ATSUHSUEESQNQQEKNEQELLEL0KWASLWNWF-NH2 

1664 AC-YASUHSUEESQNQQEKNEQELLEL0KWASLWNWF-NH2 

1665 A(>YTAUHSUEESQNQQEKNEQELLEL0KVVASLVVNVVF-NH2 

1666 Ai>RIQDLEICYVEDTKIDLWSYNAELLVALENQ-NH2 

1667 AoHnDLTDSEMNKLFEKrRRQLREN-NH2 

1668 Ai>6EMNKLFEiaRRQLREN-NH2 

1689 A&VFP8DEADASISQVNEKINQSLARRICSDELLHNV-NH2 

1670 AoVFPSDEFAASISQVNEiaNQSLAFIRKSDELLHNV-NH2 

1671 A(>-VFPSDEFDASISAVNEKINQSLAnRKSDELLHNV-NH2 

1672 AOVFPSDEFDASISQANEKINQSLARRKSDELLHNV-NH2 

1673 AO-VFPSDEFDASISQVAEKINQSLAFIRK8DELLHNV-NH2 

1674 Ao-V\«EWEQKITAALEQAQIQQEKNEmC)KLDKWASLVVEVVF-NH2 

1675 A(>AAnEWEQKrrALAEQAQIQQEKNEVH.QKmKWASLVVEVVF-NH2 

1676 A(>AAOEVVEQKITAU£QAAICK3EKNEYELQKL0ICWASLVVEV^ 

1677 Ao4A»EWEQKlTALLEQAQACK3EKNEYELCU<LOKMV^LVyEV^ 

1678 AoAAnEVVEQICTAU£QAQIAQEKNEY^LQiaJ>KVVASLVVEV^ 

1679 A(>-VVCOVEQKrrAU£QAQIQAEKNEmQKmKWASLVyEV\F 
1660 Ai>-VFPSDEF0ASISaVNEKINQ8AAnRKSDELLHNV-NH2 

1681 Ao-VFPSDEFDASISQVNEKINQSLAAIRKSDa±HNV-NH2 

1682 A(>-VFP80EFDASISQVNEKINQSLAnRKSDEALHNV44H2 

1683 A&-VFPSDEFOASISQVNEKINQSLARRK8DELAHNV-NH2 

1684 Ao-VFP8DEF0ASISaVNEKlNQ8LAnRK80ELLANV-NH2 

1685 Ao^EVy«3KrrALLEQAQICK3Ara4EYELQKU3IQAMSLVtfEV\F 

1687 Ao4flraEVVEQKrrAU^QAQIQQEKNEYa.CWJ)KVVASLVVEWF-NH2 

1688 Ao-VVQBA/ECM<rrALI^QAQIQQEKNEYBjQKA0KWASLWEWF-NH2 
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It is to be understood that the peptides listed in Table 
2 are also intended to fall within the scope of the present- 
invention. As discussed above, those peptides depicted in 
Table 2 that do not already contain enhancer peptide 
. sequences (that is, do not represent hybrid polypeptides) can 
^ be utilized in connection with the enhancer peptide sequences 
and teaching provided herein to generate hybrid polypeptides. 
Further, the core polypeptides and the core polypeptide of 
the hybrid polypeptides shown in Table 2 and FIG. 13 can be 
used with any of the enhancer peptide sequences described 
herein to routinely produce additional hybrid polypeptides, 

^® which are also intended to fall within the scope of the 
present invention. 

It is noted that while a number of the polypeptides 
listed in Table 2 and FIG. 13 are depicted with modified, 
e.g. . blocked amino and/or carboxy termini or d-isomeric 
amino acids (denoted by residues within parentheses) , it is 
intended that any polypeptide comprising a primary amino acid 
sequence as depicted to Table 2 and FIG. 13 is also intended 
to be part of the present invention. 

The core polypeptide sequences, per se , shown in Table 2 
and FIG. 13, as well as the hybrid polypeptides comprising 
such core polypeptides, can exhibit antiviral, and/or anti- 

20 fusogenic activity and/or can exhibit an ability to modulate 
interacellular processes that involve coiled-coil peptide 
structures • Among the core polypeptide sequences are, for 
example, ones which have been derived from individual viral 
protein sequences. Also among the core polypeptide sequences 
are, for example, ones whose amino acid sequences are derived 

2^ from greater than one viral protein sequence f e.g. . an HIV-1, 
HIV-2 euid SIV -derived core polypeptide) . 

In addition, such core polypeptides can exhibit amino 
acid substitutions, deletions and/or insertions as discussed, 
above, for enhancer polypeptide sequences as long as the 
particular core polypeptide's antiviral and/or antifusogenic 

^® activity (either per se or as part of a hybrid polypeptide) 
is not abolished. 
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With respect to amino acid deletions, it is preferable 
that the resulting core polypeptide is at least about 4-6 
amino acid residues in length. With respect to amino acid 
insertions^ preferable insertions are no greater than about 
50 amino acid residues, and, more preferably no more than 
5 about 15 amino acid residues. It is also preferable that 
core polypeptide insertions be amino- and/or car boxy- terminal 
insertions. 

Among such amino and/or car boxy- terminal insertions are 
ones which comprise amino acid sequences amino and/or carboxy 
to the endogenous protein sequence from which the core 
polypeptide is derived. For example, if the core polypeptide 
is derived from gp41 protein, such an insertion would 
comprise an amino and/or carboxy-terminal insertion 
comprising a gp41 amino acid sequence adjacent to the gp41 
core polypeptide sequence. Such amino and/or carboxy 
terminal insertions can typically range from about 1, 5, 10, 

^5 15, 20, 25, 30, 35, 40, 45 or 50 amino acid residues amino to 
and/or carboxy to the original core polypeptide. 

The hybrid polypeptides of the invention can still 
further comprise additional modifications that readily allow 
for detection of the polypeptide. For example, the hybrid 
polypeptides can be labeled, either directly or indirectly. 

2^ Peptide labeling techniques are well known to those of skill 
in the art and include, but are not limited to, radioactive, 
fluorescent and colorimetric techniques. Indirect labeling 
techniques are also well known to those of skill in the art 
and include, but are not limited to, biotin/streptavidin 
labeling and indirect antibody labeling. 

25 The invention further relates to the association of the 

enhancer polypeptide sequences to types of molecules other 
than peptides. For example, the enhancer peptide sequences 
may be linked to nucleic acid molecules f e.a. , DNA or RNA) or 
any type of small organic molecule for the purpose of 
enhancing the pharmacokinetic properties of said molecules." 
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5.2. SYNTHESIS OF PEPTIDES 
The enhancer, core and hybrid polypeptides of the 
invention may be synthesized or prepared by techniques well 
known in the art. See, for example, Creighton, 1983, 
Proteins: Structures and Molecular Principles, W.H. Freeman 
5 and Co., NY, which is incorporated herein by reference in its 
entirety. Hybrid polypeptides may be prepared using 
conventional step-wise solution or solid phase synthesis, 
fragment condensation, F-MOC or T-BOC chemistry. (see, e.g., 
Chemical Approaches to the Synthesis of Peptides and 
Proteins, Williams et al., Eds., 1997, CRC Press, Boca Raton 

0 

Florida, and references cited therein; Solid Phase Peptide 
Synthesis: A Practical Approach, Atherton & Sheppard, Eds., 
1989, IRL Press, Oxford, England, and references cited 
therein) . Likewise the amino- and/or carboxy-terminal 
modifications . 

The enhancer, core and hybrid polypeptides of the 

5 

invention can be purified by art-known techniques such as 
normal and reverse phase high performance liquid 
chromatography, ion exchange chromatography, gel 
electrophoresis, affinity chromatography, size exclusion, 
precipitation and the like. The actual conditions used to 

^ purify a particular polypeptide will depend, in part, on 
synthesis strategy and on factors such as net charge, 
hydrophobicity, hydrophilicity, solubility, stability etc. , 
and will be apparent to those having skill in the art. 

Hybrid, enhancer and core polypeptides may also be made 
using recoiabinant DNA techniques. Here, the nucleotide 

g sequences encoding the polypeptides of the invention may be 
synthesized, and/or cloned, and expressed according to 
techniques well known to those of ordinary skill in the art. 
See, for example, Sambrook, et al. . 1989, Molecular Cloning, 
A Laboratory Manual, Vols. 1-3, Cold Spring Harbor Press, NY. 
One may obtain the DNA segment encoding the polypeptide 

^ of interest using a variety of molecular biological 

techniques, generally known to those skilled in the art. For 



wo 99/59615 



PCT/US99/11219 



example, polymerase chain reaction (PGR) may be used to 
generate the DNA fragment encoding the protein of interest, - 
Alternatively, the DNA fragment may be obtained from a 
commercial source. 

The DNA encoding the polypeptides of interest may be 
5 recombinantly engineered into a variety of host vector 

systems that also provide for replication of the DNA in large 
scale. These vectors can be designed to contain the 
necessary elements for directing the transcription and/ or 
translation of the DNA sequence encoding the hybrid 
polypeptide. 

10 Vectors that may be used include, but are not limited 

to, those derived from recombinant bacteriophage DNA, plasmid 
DNA or cosmid DNA. For example, plasmid vectors such as 
pcDNA3, pBR322, pUC 19/18, pUC 118, 119 and the M13 mp series 
of vectors may be used. Bacteriophage vectors may include 
XgtlO, Xgtll, Agtl8-23, AZAP/R and the EMBL series of 

15 bacteriophage vectors. Cosmid vectors that may be utilized 
include, but are not limited to, pJBS, pCV 103, pCV 107, pCV 
108, pTM, pMCS, pNNL, pHSG274, COS202, COS203, pWE15, pWE16 
and the charomid 9 series of vectors. 

Alternatively, recombinant virus vectors including, but 
not limited to, those derived from viruses such as herpes 

20 virus, retroviruses, vaccinia viruses, adenoviruses, adeno- 
associated viruses or bovine papilloma viruses plant viruses, 
such as tobacco mosaic virus and baculovirus may be 
engineered. 

In order to express a biologically active polypeptide, 
the nucleotide sequence coding for the protein may be 
25 inserted into an appropriate expression vector, i.e., a 
vector which contains the necessary elements for the 
transcription and translation of the inserted coding 
sequences. Methods which are well known to those skilled in 
the art can be used to construct expression vectors having 
the hybrid polypeptide coding sequence operatively associated 
with appropriate transcriptional/translational control 
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signals • These methods include in vitro recombinant DNA 
techniques and synthetic techniques. See, for example, the- 
techniques described in Sambrook, et al., 1992, Molecular 
Cloning, A Laboratory Manual , Cold Spring Harbor Laboratory, 
^ N.Y. and Ausubel et al., 1989, Current Protocols in Molecular 
Biology . Greene Publishing Associates & Wiley Interscience, 
N.Y., each of which are incorporated herein by reference in 
its entirety. 

The nucleic acid molecule encoding the hybrid, enhancer 
and core polypeptides of interest may be operatively 
associated with a variety of different promoter/ enhancer 
elements. The promoter /enhancer elements may be selected to 
optimize for the expression of therapeutic amounts of 
protein. The expression elements of these vectors may vary 
in their strength and specificities. Depending on the 
host /vector system utilized, any one of a number of suitable 
3^5 transcription and translation elements may be used. The 
promoter may be in the form of the promoter which is 
naturally associated with the gene of interest. 
Alternatively, the DNA may be positioned under the control of 
a recombinant or heterologous promoter, i.e., a promoter that 

is not normally associated with that gene. For example, 
20 tissue specific promoter /enhancer elements may be used to 
regulate the expression of the transferred DNA in specific 
cell types. 

Exeuaples of transcriptional control regions that exhibit 
tissue specificity which have been described and could be 
used include, but are not limited to, elastase I gene control 
25 region which is active in pancreatic acinar cells (Swift et 
al., 1984, Cell 38:639-646; Ornitz et al., 1986, Cold Soring 

Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987, 
Hepatology 7:42S-51S) ; insulin gene control region which is 
active in pancreatic beta cells (Hanahan, 1985, Nature 
315:115-122); immunoglobulin gene control region which is 

30 

active in lymphoid cells (Grosschedl et ai., 1984, Cell 
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38:647-658; Adams et al., 1985, Nature 318:533-538; Alexander 
et al., 1987, MoT, Cell, Biol. 7 ; 1436-1444) ; albimin gene 
control region which is active in liver (Pinkert et al., 
1987, Genes and Devel. 1:268-276) alpha-f etoprotein gene 
5 control region which is active in liver (Kriimlauf et al., 

1985, Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, 
Science 235:53-58); alpha-l-antitrypsin gene control region 
which is active in liver (Kelsey et al., 1987, Genes and 
Devel. 1:161-171); beta-globin gene control region which is 
active in myeloid cells (Magram et al., 1985, Nature 315:338- 

10 

340; Kollias et al., 1986, Cell 46:89-94); myelin basic 
protein gene control region which is active in 
oligodendrocyte cells in the tea in (Readhead et al., 1987, 
Cell 48:703-712); myosin light chain-2 gene control region 
which is active in skeletal muscle (Shani, 1985, Nature 
15 314:283-286); and gonadotropic releasing hormone gene control 
region which is active in the hypothalamus (Mason et al. , 

1986, Science 234:1372-1378). Promoters isolated from the 
genome of viruses that grow in mammalian cells, (e.g., 
vaccinia virus 7.5K, SV40, HSV, adenoviruses MLP, MMTV, LTR 
and CMV promoters) may be used, as well as promoters produced 
by recombinant DNA or synthetic techniques. 

In some instances, the promoter elements may be 
constitutive or inducible promoters and can be used under the 
appropriate conditions to direct high level or regulated 
expression of the nucleotide sequence of interest. 
Expression of genes under the control of constitutive 
promoters does not require the presence of a specific 
substrate to induce gene expression and will occur under all 
conditions of cell growth. In contrast, expression of genes 
controlled by inducible promoters is responsive to the 
presence or absence of an inducing agent. 

Specific initiation signals are also required for 
sufficient translation of inserted protein coding sequences. 
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These signals include the AT6 initiation codon and adjacent 
sequences. In cases where the entire coding sequence, 
including the initiation codon and adjacent sequences are 
inserted into the appropriate expression vectors, no 
additional translational control signals may be needed. 
However, in cases where only a portion of the coding sequence 
is inserted, exogenous translational control signals, 
including the ATG initiation codon must be provided - 
Furthermore, the initiation codon must be in phase with the 
reading frame of the protein coding sequences to ensure 
translation of the entire insert. These exogenous 
translational control signals and initiation codons can be of 
a variety of origins, both natural and synthetic. The 
efficiency of expression may be enhanced by the inclusion of 
transcription attenuation sequences, enhancer elements, etc. 



5.3. USES OF THE ENHANCER PEPTIDE SEQUENCES, CORE 
15 POLYPEPTIDES AND HYBRID POLYPEPTIDES OF THE 
I NVENTION 

As discussed above, the enhancer peptide sequences of 
the invention can be utilized to enhance the pharmacokinetic 
properties of any core polypeptide through linkage of the 
core polypeptide to the enhancer peptide sequences to form 
hybrid polypeptides. The observed enhancement of 
pharmacokinetic properties is relative to the pharmacokinetic 
properties of the core polypeptide alone. Standard 
pharmacokinetic character pareuaeters and methods for 
determining and characterizing the pharmacokinetic properties 
of an agent such as a polypeptide are well known to those of 

2^ skill in the art. Non-limiting examples of such methods are 
presented in the Examples provided below. 

The enhancer peptide sequences of the invention can, 
additionally, be utilized to increase the in vitro or ex-vivo 
half -life of a core polypeptide to which enhancer peptide 
sequences have been attached. For exeunple, enhancer peptide 

^® sequences can increase the half life of attached core 
polypeptides when the resulting hybrid polypeptides are 
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present in cell culture, tissue culture or patient samples, 
{ e.g. . cell samples, tissue samples biopsies, or other sample 
containing bodily fluids) . 

The core polypeptides and hybrid polypeptides of the 
invention can also be utilized as part of methods for 
modulating ( e.g. , decreasing, inhibiting, disrupting, 
stabilizing or enhancing) fusogenic events* Preferably, such 
peptides exhibit antifusogenic or antiviral activity. The 
peptides of the invention can also exhibit the ability to 
modulate intracellular processes involving coiled-coil 
peptide interactions. 
^® In particular embodiments, the hybrid polypeptides and 

core polypeptides of the invention that exhibit antiviral 
activity can be used as part of methods for decreasing viral 
infection. Such antiviral methods can be utilized against, 
for example, human retroviruses, particularly HIV (human 
immunodeficiency virus), e.g. . HIV-1 and HIV-2, and the human 
T-lymphocyte viruses (HTLV-I and HTLV-II) , and non-human 
retroviruses, such as bovine leukosis virus, feline sarcoma 
and leukemia viruses, simian immunodeficiency viruses (SIV) , 
sarcoma and leukemia viruses, and sheep progress pneumonia 
viruses . 

The antiviral methods of the invention can also be 
2^ utilized against non-retroviral viruses, including, but not 
limited to, respiratory syncytial virus (RSV) , canine 
distemper virus, newcastle disease virus, human parainfluenza 
vims, influenza viruses, measles viruses, Epstein-Barr 
viruses, hepatitis B viruses and Mason-Pfizer viruses. 

The above-recited viruses are enveloped viruses. The 
2^ antiviral methods of the invention can also be utilized 

against non-enveloped viruses, including but not limited to 
picornaviruses such as polio viruses, hepatitis A virus, 
enterovirus, echoviruses, and coxsackie viruses, 
papovaviruses such as papilloma virus, parvoviruses, 
adenoviruses and reoviruses. 

other antifusogenic activities that can be modulated via 
methods that utilize the peptides of the invention include, 
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but are not limited to modulation of neurotransmitter 
exchange via cell fusion, and spezm-egg fusion. Among the- 
intracellular disorders involving coiled-coil interactions 
that can be ameliorated via methods that utilize the peptides 
of the invention are disorder involving, for example, 
bacterial toxins. 

The antif usion or antiviral activity of a given core 
polypeptide or hybrid polypeptide can routinely be 
ascertained via standard in vitro, ex vivo and animal model 
assays that, with respect to antiviral activity, can be 
specific or partially specific for the virus of interest and 
are well known to those of skill in the art. 

The above description relates mainly to antiviral and 
antifusion-related activities of core and hybrid polypeptides 
of the invention. The hybrid polypeptides of the invention 
can also be utilized as part of any method for which 
administration or use of the core polypeptide alone might be 
contemplated. Use of hybrid polypeptides as part of such 
methods is particularly preferable in instances wherein an 
increase in the pharmacokinetic properties of the core 
polypeptide is desired. For example, insulin is utilized as 
part of treatment for certain types of diabetes. A hybrid 
polypeptide comprising an insulin or insulin fragment as the 
core polypeptide can, therefore, also be utilized as part of 
methods for ameliorating symptoms of forms of diabetes for 
which insulin is used and/ or contemplated. 

In addition to the above therapeutic methods, the 
peptides of the invention can still further be utilized as 
part of prognostic methods for preventing disorders, 
including, but not limited to disorders involving fusion 
events, intracellular processes involving coiled-coil 
peptides and viral infection that involves cell-cell and/or 
virus-cell fusion. For example, the core and hybrid 
polypeptides of the invention can be utilized as part of 
prophylactic methods of preventing viral infection. 

The hybrid polypeptides of the invention can still 
further be utilized as part of diagnostic methods. Such 
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methods can be either in vivo or in vitro methods. Any 
diagnostic method that a particular core polypeptide can be 
utilized can also be performed using a hybrid polypeptide 
comprising the core polypeptide and a modification or primary 
amino acid sequence that allows detection of the hybrid 
^ polypeptide. Such techniques can reflect an improvement over 
diagnostic methods in that the increased half life of the 
hybrid polypeptide relative to the core polypeptide alone can 
increase the sensitivity of the diagnostic procedure in which 
it is utilized. Such diagnostic techniques include, but are 
not limited to imaging methods, e.g. . in vivo imaging 
methods. In a non-limiting example of an imaging method, a 
structure that binds the core polypeptide of a hybrid 
polypeptide can be detected via binding to the hybrid 
polypeptide and imaging (either directly or indirectly) the 
bound hybrid polypeptide. 

" 5.4. PHARMACEUTICAL FORMULATIONS, DOSAGES 

AND MODES O F ADMINISTRATION 

The peptides of the invention may be administered using 
techniques well known to those in the art. Preferably, 
agents are formulated and administered systemically . 
Techniques for formulation and administration may be found in 
"Remington's Pharmaceutical Sciences", latest edition. Mack 
Publishing Co., Easton, PA. Suitable routes may include 
oral, rectal, vaginal, lung ( e.g. , by inhalation), 
transdermal, transmucosal , or intestinal administration; 
parenteral delivery, including intrcunuscular, subcutaneous, 
intramedullary injections, as well as, intrathecal, direct 
25 intraventricular, intravenous, intraperitoneal, intranasal, 
or intraocular injections, just to name a few. For 
intravenous injection, the agents of the invention may be 
formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hanks' solution, 
Ringer's solution, or physiological saline buffer to name a' 
few. In addition, infusion pumps may be used to deliver the 
peptides of the invention. For transmucosal administration. 
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penetrants appropriate to the barrier to be permeated are 
used in the formulation. Such penetrants are generally known 
in the art. 

In instances wherein intracellular administration of the 
peptides of the invention or other inhibitory agents is 
5 preferred, techniques well known to those of ordinary skill 
in the art may be utilized. For example, such agents may be 
encapsulated into liposomes, or microspheres then 
administered as described above. Liposomes are spherical 
lipid bilayers with aqueous interiors. All molecules present 
in an aqueous solution at the time of liposome formation are 

^® incorporated into the aqueous interior. The liposomal 
contents are both protected from the external 
microenvironment and, because liposomes fuse with cell 
membranes, are effectively delivered into the cell cytoplasm. 
Additionally, due to their hydrophobicity, when small 
molecules are to be administered, direct intracellular 
administration may be achieved. 

Nucleotide sequences encoding the peptides of the 
invention which are to be intracellular ly administered may be 
expressed in cells of interest, using techniques well known 
to those of skill in the art. For example, expression 
vectors derived from viruses such as retroviruses, vaccinia 

2® viruses, adeno-associated viruses, herpes viruses, or bovine 
papilloma viruses, may be used for delivery and expression of 
such nucleotide sequences into the targeted cell population. 
Methods for the construction of such vectors and expression 
constructs are well known. See, for example, Sambrook et 
al., 1989, Molecular Cloning, A Laboratory Manual, Cold 

25 Spring Harbor Press, Cold Spring Harbor NY, and Ausubel et 
al., 1989, Current Protocols in Molecular Biology, Greene 
Publishing Associates and Wiley Interscience, NY. 

Effective dosages of the peptides of the invention to be 
administered may be determined through procedures well known 
to those in the art which address such parameters as 

^® biological half -life, bioavailability, and toxicity. In 
particularly preferred embodiments, an effective hybrid 
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polypeptide dosage range is detezmined by one skilled in tHe 
art using data from routine xn vitro and in vivo studies well 
know to those skilled in the art. For example, in vitro cell 
culture assays of antiviral activity, such as the exemplary 
assays described in Section 7, below, for T1249, will provide 
data from which one skilled in the art may readily determine 
the mean inhibitory concentration (IC) of the peptide of the 
polypeptide necessary to block some amount of viral 
infectivity {e.g., 50%, IC50; or 90%, IC90) • Appropriate 
doses can then be selected by one skilled in the art using 
pharmacokinetic data from one or more routine animal models, 
such as the exemplary pharmacokinetic data described in 
Section 10, below, for T1249, so that a minimum plasma 
concentration (C„in) of the peptide is obtained which is equal 
to or exceeds the determined IC value. 

Exemplary polypeptide dosages may be as low as 0.1 /xg/^g 

3^5 body weight and as high as 10 mg/kg body weight. More 

preferably an effective dosage range is from 0.1 - 100 /xg/kg 
body weight, other exemplary dosages for peptides of the 
invention include 1-5 mg, 1-10 mg, 1-30 mg, 1-50 mg, 1-75 mg, 
1-100 mg, 1-125 mg, 1-150 mg, 1-200 mg, or 1-250 mg of 
peptide. A therapeutically effective dose refers to that 

20 amount of the compound sufficient to result in amelioration 
of symptoms or a prolongation of survival in a patient. 
Toxicity and therapeutic efficacy of such compounds can be 
determined by standard pharmaceutical procedures in cell 
cultures or experimental animals, e.g. . for determining the 
LD50 (the dose lethal to 50% of the population) and the ED50 

25 (the dose therapeutically effective in 50% of the 

population) . The dose ratio between toxic and therapeutic 
effects is the therapeutic index and it can be expressed as 
the ratio LD50/ED50. Compounds which exhibit large 
therapeutic indices are preferred. The data obtained from 
these cell culture assays and animal studies can be used in 

3Q formulating a range of dosage for use in humans. The dosage 
of such compounds lies preferably within a range of 
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circulating concentrations that include the ED50 with little 
or no toxicity. The dosage may vary within this range 
depending upon the dosage form employed and the route of 
administration utilized. For any compound used in the method 
of the invention, the therapeutically effective dose can be 
estimated initially from cell culture assays. A dose may be 
formulated in animal models to achieve a circulating plasma 
concentration range that includes the IC50 f e.g. , the 
concentration of the test compound which achieves a half- 
maximal inhibition of the fusogenic event, such as a half- 
maximal inhibition of viral infection relative to the amount 
of the event in the absence of the test compound) as 
determined in cell culture. Such information can be used to 
more accurately determine useful doses in humans. Levels in 
plasma may be measured, for example, by high performance 
liquid chromatography (HPLC) or any biological or 
immunological assay capable of measuring peptide levels. 

The hybrid polypeptides of the invention can be 
administered in a single administration, intermittently, 
periodically, or continuously. For excuaple, the polypeptides 
of the invention can be administered in a single 
administration, such as a single subcutaneous, a single 
intravenous infusion or a single ingestion. The polypeptides 
of the invention can also be administered in a plurality of 
intermittent administrations, including periodic 
administrations. For example, in certain embodiments the 
polypeptides of the invention can be administered once a 
week, once a day, twice a day (e.g., every 12 hours), every 

six hours, every four hours, every two hours, or every hour. 
The polypeptides of the invention may also be administered 
continuously, such as by a continuous subcutaneous or 
intravenous infusion pump or by means of a subcutaneous or 
other implant which allows the polypeptides to be 
continuously absorbed by the patient. 

The hybrid polypeptides of the invention can also be 
administered in combination with at least one other 
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therapeutic agent. Although not preferred for HIV therapy/ 
administration for other types of therapy (e.g. , cancer 
therapy) can be performed concomitantly or sequentially, 
including cycling therapy (that is, administration of a first 
compound for a period of time, followed by administration of 
5 a second antiviral compound for a period of time and 

repeating this sequential administration in order to reduce 
the development of resistance to one of the therapies) . 

In the case of viral, e.g. . retroviral, infections, an 
effective amount of a hybrid polypeptide or a 
pharmaceutically acceptable derivative thereof can be 

^® administered in combination with at least one, preferably at 
least two, other antiviral agents. 

Taking HIV infection as an example, such antiviral 
agents can include, but are not limited to DP-107 (T21) , DP- 
178 (T20) , any other core polypeptide depicted in Table 2 
derived from HIV-1 or HIV-2, any other hybrid polypeptide 

15 whose core polypeptide is, at least in part, derived from 
HIV-1 or HIV-2, cytokines, e.g. , rIFN a, rIFN 3, rIFN y; 
inhibitors of reverse transcriptase, including nucleoside and 
non-nucleoside inhibitors, e.g. . AZT, 3TC, D4T, ddl, 
adefovir, abacavir and other dideoxynucleosides or 
dideoxyf luoronucleosides, or delaviridine mesylate, 
nevirapine, efavirenz; inhibitors of viral mRNA capping, such 
as ribavirin; inhibitors of HIV protease, such as ritonavir, 
nelfinavir mesylate, amprenavir, saquinavir, saquinavir 
mesylate, indinavir or ABT378, ABT538 or MK639; amphotericin 
B as a lipid-binding molecule with anti-HIV activity; and 
castanospermine as an inhibitor of glycoprotein processing. 

25 The hybrid and/or core polypeptides of the invention 

may, further, be utilized prophylactically for the prevention 
of disease. Hybrid and/ or core polypeptides can act directly 
to prevent disease or, alternatively, can be used as 
vaccines, wherein the host raises antibodies against the 
hybrid polypeptides of the invention, which then serve to " 

^® neutralize pathogenic organisms including, for example, 
inhibiting viral, bacterial and parasitic infection. 
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For all such treatments described above, the exact 
formulation, route of administration and dosage can be chosen 
by the individual physician in view of the patient's 
condition. (See e>a. Fingl et al., 1975, in "The 
Pharmacological Basis of Therapeutics", Ch. 1 p. 1). 

It should be noted that the attending physician would 
know how to and when to terminate, interrupt, or adjust 
administration due to toxicity, or to organ dysfunctions. 
Conversely, the attending physician would also know to adjust 
treatment to higher levels if the clinical response were not 
adequate (precluding toxicity) • The magnitude of an 
administrated dose in the management of the oncogenic 
disorder of interest will vary with the severity of the 
condition to be treated and the route of administration. The 
dose and perhaps dose frequency, will also vary according to 
the age, body weight, and response of the individual patient. 
A program comparable to that discussed above may be used in 
veterinary medicine. 

Use of pharmaceutically acceptable carriers to formulate 
the compounds herein disclosed for the practice of the 
invention into dosages suitable for systemic administration 
is within the scope of the invention. With proper choice of 
carrier and suitable manufacturing practice, the compositions 
of the present invention, in particular, those formulated as 
solutions, may be administered parenterally , such as by 
subcutaneous injection, intravenous injection, by 
subcutaneous infusion or intravenous infusion, for example by 
pump. The compounds can be formulated readily using 
phainnaceutically acceptable carriers well known in the art 
into dosages suitable for oral administration. Such carriers 
enable the compounds of the invention to be formulated as 
tablets, pills, capsules, liquids, gels, syrups, slurries, 
suspensions and the like, for oral ingestion by a patient to 
be treated. 

Pharmaceutical compositions suitable for use in the 
present invention include compositions wherein the active 
ingredients are contained in an effective amount to achieve 
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its intended purpose. Determination of the effective amounts 
is well within the capability of those skilled in the art, - 
especially in light of the detailed disclosure provided 
herein. 

In addition to the active ingredients, these 
^ pharmaceutical compositions may contain suitable 

pharmaceutically acceptable carriers comprising excipients 
and auxiliaries which facilitate processing of the active 
compounds into preparations which can be used 
pharmaceutically. The preparations formulated for oral 
administration may be in the form of tablets, dragees, 
capsules, or solutions. For oral administration of peptides, 
techniques such of those utilized by, e.g. , Emisphere 
Technologies well known to those of skill in the art and can 
routinely be used. 

The pharmaceutical compositions of the present invention 
may be manufactured in a manner that is itself known, e.g. . 
by means of conventional mixing, dissolving, granulating, 
dragee-making, levigating, spray drying, emulsifying, 
encapsulating, entrapping or lyophilizing processes. 

Pharmaceutical formulations for parenteral 
administration include aqueous solutions of the active 
compounds in water-soluble form. Additionally, emulsions and 

^® suspensions of the active compounds may be prepared as 
appropriate oily injection mixtures. Suitable lipophilic 
solvents or vehicles include fatty oils such as sesame oil, 
or synthetic fatty acid esters, such as ethyl oleate or 
triglycerides, liposomes or other substances known in the art 
for making lipid or lipophilic emulsions. Aqueous injection 
suspensions may. contain substances which increase the 
viscosity of the suspension, such as sodium carboxymethyl 
cellulose, sorbitol, or dextran. Optionally, the suspension 
may also contain suitable stabilizers or agents which 
increase the solubility of the compounds to allow for the 
preparation of highly concentrated solutions. 

^® Pharmaceutical preparations for oral use can be obtained 

by combining the active compounds with solid excipient. 
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optionally grinding a resulting mixture, and processing the 
mixture of granules, after adding suitable auxiliaries, if - 
desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, 
including lactose, sucrose, trehalose, mannitol, or sorbitol; 
5 cellulose preparations such as, for example, maize starch, 
wheat starch, rice starch, potato starch, gelatin, gum 
tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, 
sodium carboxymethylcellulose, and/or polyvinylpyrrolidone 
(PVP) . If desired, disintegrating agents may be added, such 
as the cross-linked polyvinyl pyrrolidone, agar, or alginic 
acid or a salt thereof such as sodium alginate. 

Dragee cores are provided with suitable coatings. For 
this purpose, concentrated sugar solutions may be used, which 
may optionally contain gum arabic, talc, polyvinyl 
pyrrolidone, carbopol gel, polyethylene glycol, and/or 
titanium dioxide, lacquer solutions, and suitable organic 
solvents or solvent mixtures. Dyestuffs or pigments may be 
added to the tablets or dragee coatings for identification or 
to characterize different combinations of active compound 
doses . 

Pharmaceutical preparations which can be used orally 
include push-fit capsules made of gelatin, as well as soft, 

20 sealed capsules made of gelatin and a plasticizer, such as 
glycerol or sorbitol. The push-fit capsules can contain the 
active ingredients in admixture with filler such as lactose, 
binders such as starches, and/ or lubricants such as talc or 
magnesium stearate and, optionally, stabilizers. In soft 
capsules, the active compounds may be dissolved or suspended 

25 in suitable liquids, such as fatty oils, liquid paraffin, or 
liquid polyethylene glycols. In addition, stabilizers may be 
added . 

In instances where an enhancement of the host immxine 
response is desired, the hybrid polypeptides may be 
formulated with a suitable adjuvant in order to enhance the 
30 immunological response, such adjuvants may include, but are 
not limited to mineral gels such as aluminxm hydroxide; 
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surface active substances such as lysolecithin, pluronlc 
polyols, polyanions; other peptides; oil emulsions; and 
potentially useful adjuvants such as BCG and Corynebacterium 
parvum. Many methods may be used to introduce the vaccine 
formulations described here. These methods include but are 
5 not limited to oral, intradermal, intramuscular, 

intraperitoneal, intravenous, subcutaneous, and intranasal 
routes . 

6. EXAMPLE: IDENTIFICATION OF CONSENSUS AMINO 

ACID SEQUENCES THAT COMPRISE 
ENHANCER PEPTIDE SEQUENCES 

The retroviral gp41 protein contains structural domains 
referred to as the a-helix region located in the C-terminal 
region of the protein and the. leucine zipper region located 
in the N-terminal region of the protein. Alignment of the 
enhancer peptide sequence regions contained within gp4l (FIG. 
2A and 2B) of gp41 from all currently published isolate 
sequences of HIV-1, HIV-2 and SIV identified the consensus 
amino acid sequences shown in FIG. 1. 

As described in detail in the Exeunples presented below, 
such sequences represent enhancer peptide sequences in that 
linkage of these peptide sequences to a variety of different 
core polypeptides enhances the pharmacokinetic properties of 

20 

the resultant hybrid polypeptides. 

7. EXAMPLE: HYBRID POLYPEPTIDES THAT FUNCTION 
AS POTENT INHIBITORS OF HIV-1 INFECTION 

T1249, as depicted in FIG. 13, is a hybrid polypeptide 
comprising enhancer peptide sequences linked to an HIV core 
25 polypeptide. As demonstrated below, the T1249 hybrid 

polypeptide exhibits enhanced pharmacokinetic properties and 
potent in vitro activity against HIV-1, HIV-2, and SIV 
isolates, with enhanced activity against HIV-1 clinical 
isolates in HuPBMC infectivity assays in vitro as well as in 
the HuPBMC SCID mouse model of HIV-1 infection in vivo. In 

30 

the biological assays described below, the activity of the 
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T1249 is compared to the potent anti-viral T20 polypeptide. 
The T20 polypeptide, also known as DP-178, is derived f rom - 
HIV-1 gp41 protein sequence, and is disclosed and claimed in 
U.S. patent No. 5,464,933. 

5 7.1. MATERIALS AND METHODS 

7.1.1. PEPTIDE SYNTHESIS AND PURIFICATION 
Peptides were synthesized using Fast Moc chemistry. 
Generally, unless otherwise noted, the peptides contained 
amidated carboxyl termini and acetylated amino termini. 
Purification was carried out by reverse phase HPLC. 

10 T1249 (Ac-WQEWEQKITALLEQAQIQQEKNEYELQKLDKWASLWEWF-NHz ) 

is a 39 amino acid peptide (MW = 5036.7) composed entirely of 
naturally occurring amino acids and is blocked at the amino 
terminus by an acetyl group and the carboxyl terminus is 
blocked by an amido group to enhance stability. T1387 is a 
23 amino acid peptide lacking enhancer peptide sequences (Ac- 

^5 TALLEQAQIQQEKNEYELQKLDK-NH2) . Thus, T1387 represents the 
core polypeptide of the T1249 hybrid polypeptide. T1387 is 
blocked at its amino- and carboxy- termini in the same manner 
as T1249. 

In particular, T1249 was synthesized using standard 
solid-phase synthesis techniques. The identity of the 
20 principal peak in the HPLC trace was confirmed by mass 
spectroscopy to be T1249. 

T1249 was readily purified by jreverse phase 
chromatography on a 6-inch column packed with a CIS, 10 
micron, 12 OA support. 

25 7.1.2. VIRUS 

The HIV-Ilm virus (Popovic, M. et al. , 1984, Science 
224:497-508) was propagated in CEH cells cultured in RPMI 
1640 containing 10% fetal calf serum. Supernatant from the 
infected CEM cells was passed through a 0.2^m filter and the 
infectious titer estimated in a microinfectivity assay using 

3® the AA5 cell line to support virus replication. For this 

purpose, 20m1 of serially diluted virus was added to 20^1 CEM 
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cells at a concentration of 6 x 10^/ml in a 96-well 
microtitre plate- Each virus dilution was tested in 
triplicate. Cells were cultured for seven days by addition 
of fresh medium every other day. On day 7 post infection, 
supernatant samples were tested for virus replication as 
5 evidenced by reverse transcriptase activity released to the 
supernatant. The TCID50 was calculated according to the Reed 
and Muench formula (Reed, L.J. et al . . 1938, Am. J. Hyg. 
27:493-497) . 

7.1.3. CELL FUSION ASSAY 

1® Approximately 7 x 10* Molt-4 cells were incubated with 1 

X 10* CEM cells chronically infected with the HIV-lu^i virus 
in 96-well tissue culture plates in a final volume of lOO/iil 
culture medium (RPMl 1640 containing 10% heat inactivated 
FBS, supplemented with 1% L-glutamine and 1% Pen-Strep) as 
previously described (Matthews, T.J. et al . , 1987, Proc. 

^5 Natl. Acad. Sci. USA 84: 5424-5428). Peptide inhibitors were 
added in a volume of lOfxl and the cell mixtures were 
incubated for 24 hr. at 37**C in 5% CO2. At that time, 
multinucleated giant cells (syncytia, five cell widths or 
larger) were counted by microscopic examination at lOx and ' 
40x magnification which allowed visualization of the entire 

20 well in a single field. Treated cells were compared to 

infected, untreated controls and results expressed as percent 
inhibition of infected controls. 

7.1.4. MAGI-CCR-5 INFECTIVITY ASSAYS 
Approximately 1 x 10^ Magi-CCR-5 cells (obtained through 
25 the NIH AIDS Research and Reference Reagent Program, Division 
of AIDS, NIAID; Chackerian, B. et al., 1997, J. Virol. 71: 
3932-3939) were seeded into a 4 8 -well tissue culture plate 
(approximately 2 x 10^ cells/well in a volume of 300 /ixl/well 
selective growth medium consisting of DMEM supplemented with 
10% heat inactivated FBS, 1% L-glutamine, 1% Pen/Strep, 
Hygromycin B, Geneticin, and Puromycin) and allowed to attach 
overnight at 37*'C, 5% CO2. Cell confluency was approximately 
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30% by the following day. Seeding mediian was removed and 
diluted peptide inhibitor added in voltmes of 50 Ml/well 
(media only in untreated controls) , followed by 100 /zl/well 
of diluted virus (desired input virus titre of 100 - 200 
pfu/well) . Finally, 250 /il of selective growth medium was 
5 added to each well and the plate incubated for 2 days at 
37°C, 5% CO2. Fixing and staining were done according to the 
protocol provided by NIAID with the MAGI-CCR5 cells . 
Briefly, medium was removed from the plate and 500 /xl of 
fixative added to each well. Plates were allowed to fix for 
5 minutes at room temp. Fixative was removed, each well 
washed twice with DPBS, and 200 /xi of staining solution added 
to each well. The plate was then incubated at 37**C, 5% CO2, 
for 50 minutes, staining solution removed, and each well 
washed twice with DPBS. The plate was allowed to air dry 
before blue cells were counted by microscopic, enumerating 
the entire well. Treated wells were compared to infected, 
untreated controls and results expressed as percent 
inhibition of infected controls. 

7.1.5. REVERSE TRANSCRIPTASE ASSAY 
The micro-reverse transcriptase (RT) assay was adapted 
from Goff et al. (Goff, S. et al., 1981, J. Virol. 38: 239- 

20 248) and Willey et al. (Willey, R. et al., 1988, J. Virol. 
62 : 139-147) . Supernatants from virus/cell cultures were 
adjusted to 1% Triton-XlOO. 10 m1 of each supernatant /Triton 
X-100 sample were added to 50 ul of RT cocktail (75 mM KCl, 2 
mM Clevelands reagent, 5 mM MgClz, 5 fxg/ml poly A, 0.25 
units/ml oligo dT, 0.05% NP40, 50 mM Tris-HCl, pH 7.8, 0.5 mM 

25 non-radioactive dTTP, and 10 cCi/ml ^^P-dTTP) in a 96-well U- 
bottom microtitre plate and incubated at 37^C for 90 min. 
After incubation, 40 /xl of reaction mixture from each well 
was transferred to a Schleicher and Schuell (S+S) dot blot 
apparatus, under partial vacuum, containing a gridded 96-well 
filter-mat (Wallac catalog #1450-423) and filter backing 

30 saturated with 2x SSC buffer (0.3M NaCl and 0.003M sodium 
citrate) . Each well was washed 4 times with at least 200 /xl 
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2x SSC using full vacuvun. Minif old was disasseiabled and 
gridded filter paper removed and washed 3 times with 2x SSC. 
Finally, the filter membrane was drained on absorbent paper, 
allowed to air dry, and sealed in heat sealable bags. 
Samples were placed in a phosphorscreen cassette and an 
5 erased (at least 8 min) phosphorscreen applied and closed. 
Exposure was for 16 hr. Pixel Index Values (PIV) , generated 
in volume reporting format retrieved from phosphor imaging 
(Molecular Dynamics Phosphor imager) blots, were used to 
determine the affected or inhibited fraction (Fa) for all 
doses of inhibitor (s) when compared to untreated, infected 
^0 controls (analyzed by ImageQuant volume report, corrected for 
background) . 

7.1.6. HUMAN PBMC INFECTIVITY/ NEUTRALIZATION 
ASSAY 

The prototypic assay used cell lines where the primary 

15 isolate assay utilizes PBMC, obtained through Interstate 

Blood Bank, activated for 2-3 days with a combination of 0KT3 

(0.5 Atg/ml) and CD28 antibodies (0.1 fig /ml) . The target 

cells were banded on lymphocyte separation medium (LSM) , 

washed, and frozen. Cells were thawed as required and 

activated as indicated above a minimum of 2-3 days prior to 

20 assay. In this 96-well format assay, cells were at a 

concentration of 2 x loV^l in 5% IL-2 medium and a final 

volume of 100 /xl. Peptide stock solutions were made in DPBS 

(1 mg/ml) . Peptide dilutions were performed in 20% FBS RPHl 

1640/5% IL-2 complete medivim, 

25 7.1.7. IN VIVO HU-PBMC SCID MODEL 
OF HIV-1 INFECTION 

Female SCID mice (5-7 weeks old) received 5-10x10^ adult 

human PBMC injected intraperitoneally. Two weeks after 

reconstitution, mice were infected IP on day 0 with 10^ TCID50 

HIV-1 9320 (AZT-sensitive isolate A018) . Treatment with 

peptides was IP, bid, beginning day -1 and continuing through 

30 

day 6. The extent of infection in blood cells, splenocytes, 
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lymph nodes, and peritoneal cells was assayed by quantitative 
co-culture with human PBMC blasts weekly for three 
consecutive weeks following animal exsanguinations and tissue 
harvest (day 7, approximately 12-18 hours following the last 
drug treatment) . Co-culture supernatants were evaluated for 
® HIV-l p24 antigen production as a measure of virus infection 
(Immunotek Coulter kits and protocol) . 

7.1.8. RAT PHARMACOKINETIC STUDIES 
250-300 g male CD rats, double jugular catheter, 
obtained from Charles River Laboratories were used. Peptides 
were injected in one jugular catheter in a volume of 200 Ml 
of peptide solution (approximately 3.75 mg/ml) , dosing 
solution concentration was determined using the Edelhoch 
method, (Edelhoch, 1967, Biochemistry 6:1948-1954) method and 
adjusted based on animal weight such that each animal 
received a dose of 2.5 mg/kg) . Approximately 250-300 /il of 
blood was removed at predetermined time intervals (0, 15, 30 
min and 1, 2, 4, 6, and 8 hours) and added to EDTA capiject 
tubes. Plasma was removed from pelleted cells upon 
centrifugation and either frozen or immediately processed for 
fluorescence HPLC analysis. 

2® 7.1.9. FLUORESCENCE HPLC ANALYSIS OF 

PLASMA SAMPLES 

100 Ml Of sample plasma was added to 900 Ml of 

precipitation buffer (acetonitrile, 1.0% TFA, detergent) 

resulting in precipitation of the majority of plasma 

proteins. Following centrifugation at 10,000 rpm for 10 min, 

25 400 Ml of the supernatant was removed and added to 600 Ml of 
HPLC grade water. Serial dilutions were performed as 
dictated by concentration of peptide present in each sample 
in dilution buffer comprised of 40% precipitation buffer and 
60% HPLC water. In addition to sample dilutions, serial 
dilutions of dosing solution were performed in buffer as well 

30 as in plasma and used to generate a standard curve relating 
peak area to known concentration of peptide. This curve was 
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then used to calculate concentration of peptide in plasma 
taking into account all dilutions performed and quantity 
injected onto colximn. 

7.1.10. XTT PROTOCOL 
5 In order to measure cytotoxic/cytostatic effects of 

peptides, XTT assays (Weislow, O.S. et al., 1989, J. Natl. 
Cancer Inst. 81:577-586) were performed in the presence of 
varying concentrations of peptide in order to effectively 
establish a selective index (SI) . A TC50 was determined in 
this assay by incubating cells in the presence and absence of 

10 serially diluted peptide followed by the addition of XTT. In 
surviving/metabolizing cells XTT is reduced to a soluble 
brown dye, XTT-f ormazan. Absorbance is read and comparisons 
made between readings in the presence and absence of peptide 
to determine a TC50 utilizing the Karber method (see. e.g. , 
Lennette, E.H. et al., eds., 1969, "Diagnostic" Procedures for 

15 viral and Rickettsial Infections," American Public Health 
Association, Inc., fourth ed. , pp. 47-52). Molt 4, CEM 
(80,000 cells/well) and a combination of the two cell types 
(70,000 and 10,000 respectively) were plated and incubated 
with serially diluted peptide for 24 hours in a total volume 
of 100 Ml- Following incubation, 25 Ml of XTT working stock 

20 (1 mg/ml XTT, 250 MM PMS in complete medium containing 5% 
DMSO) was added to each well and the plates incubated at 
37*^0. Color development was read and results used to express 
values generated from peptide containing wells as a 
percentage of the xintreated control wells. 

25 7.2. RESULTS 

7.2.1. ANTIVIRAL ACTIVITY - FUSION ASSAYS 

T1249 was directly compared to T20 in virus mediated 
cell-cell fusion assays conducted using chronically infected 
CEM cells mixed with uninfected Molt-4 cells, as shown in 
Table 3, below. T1249 fusion inhibition against lab isolates 

30 

such as Illb, MN, and RF is comparable to T20, and displays 
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an approximately 2.5-5-fold improvement over T20. T1249 was 
also more active (3-28 fold improvement) than T20 against 
several syncytia-inducing clinical isolates, including an AZT 
resistant isolate (G691-2) , a pre-AZT treatment isolate 
(G762-3) , and 9320 (isolate used in HuPBMC-SCID studies) . 
^ Most notably, T1249 was over 800-fold more potent than T20 
against HIV-2 NIHZ. 



TABLE 3 



Virus Isolate 


T20 
(ng/ml) 


n 


T1249 
(ng/ml) 


n 


Fold 
Di££erenc 
e 


HIV-1 Illb 


2.5 


9 


1.0 


9 


2.5 


HIV-1 G691-2 (AZT-R) 


406.0 


^ 1 


16.0 


1 


25 


HIV-1 G762-3 <Pre- 
AZT) 


340.1 


1 


12.2 


1 


28 


HIV-l MN 


20.0 


7 


3.1 


7 


6 


HIV-1 RF 


6.1 


7 


2.1 


7 


3 


HIV-1 9320 


118.4 


1 


34.5 


1 


3 


HIV- 2 NIHZ 


3610.0 


>10 


4.3 


2 


840 



7.2.2. ANTIVIRAL ACTIVITY - Magi-CCR-5 
20 INFECTIVITY ASSAYS 

Magi-CCR-5 infectivity assays allow direct comparisons 

to be made of syncytia and non-syncytia inducing virus 

isolates, as well as comparisons between laboratory and 

clinical isolates. The assay is also a direct measure of 

virus infection (TAT expression following infection, 

25 transact ivating an LTR driven beta-galactosidase production) , 
as opposed to commonly used indirect measures of infectivity 
such as p24 antigen or reverse transcriptase production. 
Magi-CCR-5 infectivity assays (see Table 4 below) reveal that 
T1249 is consistently more effective than T20 against all 
isolates tested, in terms of both EC50 and Vn/Vo =0.1 

30 inhibition calculations. T1249 shows considerable 

improvement in potency against the clinical isolate HIV-1 
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301714 (>25-fold) , which is one of the least sensitive 
isolates to T20. In addition, T1249 is at least 100-fold _ 
more potent than T20 against the SIV isolate B670. These 
data, along with fusion data suggest that T1249 is a potent 
peptide inhibitor of HIV-l, HIV-2, and SIV. 

5 

TABLE 4 



10 



T20 




T1249 




Virue 
Isolate 


BC-50 


Vii/Vo=0.1 


E 

C- 

50 


Vn/Vo=0.1 


EC-50 
Fold 

Difference 


Vn/VooO.l 
Fold 

Difference 
















HIV-1 
IIIB 


42 


80 


8 


10 


5 


o 
o 


HIV-1 
9320 


11 


50 


1 


6 


11 


8 


HIV-1 
301714 
(subtype 
B, NSI) 


1065 


4000 


43 


105 


25 


38 


HIV-1 
G691-2 
(AZT-R) 


13 


200 


0. 

3 


20 


43 


10 


HIV-1 
pNL4-3 


166 


210 


1 


13 


166 


16 
















SIV-B670 


2313 


>10000 


21 


100 


110 


>100 



7.2.3- ANTIVIRAL ACTIVITY - HuPBMC INFECTIVITY ASSAYS 
T1249 was directly compared to T20 in HuPBMC infectivity 

25 

assays (Table 5, below), which represent a recognized 
surrogate In vitro system to predict plasma drug 
concentrations required for viral inhibition in vivo. These 
comparisons revealed that T1249 is more potent against all 
HIV-1 isolates tested to date, with all Vn/Vo =0.1 (dose - 
30 required to reduce virus titer by one log) values being 

reduced to sxib-microgram concentrations. Many of the least 
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sensitive clinical isolates to T20 exhibited 10-fold or 
greater sensitivity to T1249. It is noteworthy that HIV-1 
9320, the isolate used in the HuPBMC SCID mouse model of 
infection, is 46-fold less sensitive to T20 than to T1249, 
indicating a very good correlation with the in vivo results. 



TABLE 5 



T20 



T1249 



ViruB Isolate (HZV-l) 


Vn/Vo « 0.1 
(ng/ml) 


Vn/Vo « 0.1 
(ng/ml) 


Fold 
Difference 


IIIB 


250 


80 


3 


9320 


6000 


130 


46 


301714 (subtype B, 
NSI) 


8000 


700 


11 


302056 (subtype B, 
'NSI) 


800 


90 


9 


301593 (subtype B, SI) 


3500 


200 


18 


1 302077 (subtype A) 


3300 


230 


14 


302143 (SI) 


1600 


220 


7 


6691-2 (AZT-R) 


1300 


400 


3 



20 7.2 ,4. ANTIVIRAL ACTIVITY - T20 RESISTANT LAB 

ISOLATES 

T1249 was directly compared to T20 in virus mediated 

cell-cell fusion assays conducted using chronically infected 

CEM cells mixed with uninfected Molt-4 cells (Table 6, 

below) . T1249 was nearly 200-fold more potent than T20 

25 against a T20-resistant isolate. 



TABLE 6 



Virus 
Isolate 


T20 
(ng/ml) 


n 


T1249 
(ng/na) 


n 


Fold 
Difference 


HIV-1 pNL4-3 SM 
(T20 Resistant) 


405.3 


3 


2.1 


3 


193 
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In Magi-CCR-5 assays (see Table 1, below) ^ T1249 is ad 
much as 50,000-fold more potent than T20 against T20- 
resistant isolates such as pNL4-3 SM and pNL4-3 STM (Rimsky, 
L. and Matthews, T., 1998, J. Virol. 72:986-993). 



TABLE 7 



10 



T20 


T1249 






Virus 

Isolate 

(HIV-1) 


EC- 
50 


Vn/Vo 

x= 0.1 


EC-50 


Vn/VosO.l 


EC-50 
Fold 

Difference 


Vn/VooO.l 
Fold 

Difference 
















pNL4-3 


166 


210 


1 


13 


166 


16 


pNL4-3 SM 
(T20-R) 


90 


900 


4 


11 


23 


82 


pNL4-3 SM 
(T20-R) 
Duke 


410 


2600 


4 


11 


103 


236 


PNL4-3 STM 
(T20/T649- 
R) 


>so 

000 


>5000 
0 


1 


13 


>50000 


>3846 



T1249 was directly compared to T20 in HuPBMC infectivity 
assays (see Table 8, below), evaluating differences in 
potency against a resistant isolate. T1249 is greater than 
250-fold more potent than T20 against the resistant isolate 
pNL4-3 SM. 



TABLE 8 



T20 TI249 


Virus Isolate (HIV-1) 


Va/Vo « 0.1 
(ng/ml) 


Vn/Vo B 0.1 
(ng/ml) 


Fold 
Difference 










pNL4-3 


3500 


30 


117 


pNL4-3 SM (T20-R) 


>10000 


40 


>250 



30 
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7.2.5. ANTIVIRAL ACTIVITY - IN VIVO SCID- 
HUPBMC MODEL 

In vivo antiviral activity of T1249 was directly 
compared to T20 activity in the HuPBMC-SCID mouse model of 
HIV-1 9320 infection (FIG. 3) . Two weeks after 
5 reconstitution with HuPBMCs, mice were infected IP on day 0 
with 10^ TCID50 HIV-1 9320 passed in PBMCs (AZT-sensitive 
isolate A018) . Treatment with peptides was IP, bid, for 
total daily doses of 67 mg/kg (T20) , 20 mg/kg (T1249) , 6.7 
mg/kg (T1249) , 2.0 mg/kg (T1249) , and 0.67 mg/kg (T1249) , for 
8 days beginning on day -1. The extent of infection in blood 

^® cells, splenocytes, lymph nodes, and peritoneal cells was 
assayed by quantitative co-culture with human PBMC blasts 
weekly for three consecutive weeks following animal 
exsanguinations and tissue harvest (day 7, approx. 12 to 18 
hours following last drug treatment) . Co-culture 
supernatants were evaluated for HIV-1 p24 antigen production 
as a measure of virus infection. Infectious virus was not 
detectable in the blood or lymph tissues of the T20-treated 
animals, although, virus was detected in the peritoneal 
washes and spleen preparation. All compartments were 
negative for infectious virus at the 6.7 mg/kg dose of T1249, 
indicating at least a 10-fold improvement over T20 treatment. 

20 At the 2.0 mg/kg dose of T1249, both the lymph and the spleen 
were completely free of detectable infectious virus, with a 2 
logio reduction in virus titer in the peritoneal wash and a 1 
logio reduction in virus titer in the blood, compared to 
infected controls. At the lowest dose of T1249, 0.67 mg/kg, 
the peritoneal washes and blood were equivalent to infected 

2^ control; however, at least a 1 logio drop in infectious virus 
titer was observed in both the lymph and the spleen tissues. 
Overall, the results indicate that T1249 is between 30 and 
100-fold more potent against HIV-1 9320, in vivo, under these 

conditions. 

30 
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7.2.6. PHARMACOKINETIC STUDIES - RAT 
Cannulated rats were used to further define the 
pharmacokinetic profile of T1249. Male CD rats, 250^300 g, 
were dosed IV through a jugular catheter with T1249 and T20 
(FIGS. 4A-5) . The resulting plasma samples were evaluated 
5 using fluorescence HPLC to estimate peptide quantities in 
extracted plasma. The beta-phase half -life and total AUG of 
T1249 was nearly three times greater than T20 (FIG. 5) . 

7.2.7. CYTOTOXICITY 
No overt evidence of T1249 cytotoxicity has been 

observed in vitro, as demonstrated in FIG. 6. 

In addition, T1249 is not acutely toxic (death within 24 

hours) at 167 mg/kg (highest ^dose tested) given IV through 

jugular cannula (0.3 ml over 2-3 min) . 

7.2.8. DIRECT BINDING TO gp41 CONSTRUCT 
15 M41 A 178 

T1249 was radiolabelled with "^I and HPLC- purified to 

maximxim specific activity. T20 was iodinated in the same 

manner. Saturation binding of to M41A178 (a truncated gp4l 

ectodomain fusion protein lacking the T20 amino acid 

sequence) immobilized on microtitre plates at 0.5 mg/Ml is 

20 shown in FIG. 7. Nonspecific binding was defined as binding 
of the radioligand in the presence of 1 /xM unlabeled peptide. 
Specific binding was the difference between total and 
nonspecific binding. The results demonstrate that ^"l-T1249 
and "^I-T20 have similar binding affinities of 1-2 nM. 
Linear inverse Scat chard plots suggests that each ligand 

25 binds to a homogeneous class of sites. 

The kinetics of ^"l-T1249 and "^I-T20 binding was 
determined on scintillating microtitre plates coated with 0.5 
/ig/ml M41A178. The time course for association and 
dissociation is shown in FIG. 8. Dissociation of bound 
radioligand was measured following the addition of unlabeled 

30 peptide to a final concentration of 10 mM in one-tenth of the 
total assay volume. Initial on- and off -rates for ^"l-T1249 
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were significantly slower than those of 

Dissociation patterns for both radioligands were unchanged - 
when dissociation was initiated with the other unlabeled 
peptide (i.e., "^I-T1249 with T20) . 

To further demonstrate that both ligands compete for the 

^ same target site, unlabeled T1249 and T20 were titrated in 
the presence of a single concentration of either ^"l-T1249 or 
^"I-T20. Ligand was added just after the unlabeled peptide 
to start the incubation. The competition curves shown in 
FIG. 9 suggest that although both ligands have similar 
affinities, a higher concentration of either unlabeled T20 or 

^ T1249 is required. to fully compete for bound ^^^I-T1249. 

7.2.9. DIRECT BINDING^ TO THE HRl 

REGION OF GP41^ 

Circular dichroism (CD) spectroscopy was used to measure 

the secondary structure of T1249 in solution (phosphate- 
buffered saline, pH 7) alone and in combination with a 45- 
residue peptide (T1346) from the HRl (heptad repeat 1) 
binding region of gp 41. FIG. 14A illustrates the CD 
spectrum of T1249 alone in solution (10 imK, l^C) . The 
spectrum is typical of peptides which adopt an alpha-helical 
structure. In particular, deconvolution of this spectrum 
using single value decomposition with a basis set of 33 
protein spectra predicts the helix content of T1249 (alone in 
solution) to be 50%. FIG. 14B illustrates a representative 
CD spectrum of T1249 mixed with T1346. The closed squares 
(■) represent a theoretical CD spectrxim predicted for a 
"non-interaction model" wherein the peptides are hypothesized 
j5 to not interact in solution. The actual experimental 

spectriim (•) differs markedly from this theoretical "non- 
interaction model" spectrum, demonstrating that the two 
peptides do, indeed, interact, producing a measurable 
structural change which is observed in the CD spectrxim. 



30 
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7.2. 10, PROTEASE PROTECTION OF THE T1249 
BINDING REGION WITHIN GP41 

The susceptibility of the chimeric protein M41A178, 

described in Section 7.2.8 above, to proteinase-K digestion 

was determined and analyzed by polyacrylamide gel 

5 electrophoresis. The results are illustrated in FIG. 15. 

When either M41A178 (untreated; FIG 15, lane 2) or 

T1249 (untreated; FIG. 15, lane 4) are incubated 

individually with proteinase K (FIG. 15, lanes 3 and 5, 

respectively) , both are digested. However, when T1249 is 

incubated with M41A178 prior to addition of proteinase-K 

xo (FIG. 15, lane 7), a protected HR-1 fragment of approximately 
6500 Daltons results. Sequencing of the protected fragment 
demonstrates that it corresponds to a region of primary 
sequence located within the ectodomain of gp41. The 
protected fragment encompasses the soluble HRl peptide 
(T1346) used in the CD studies described in Section 7.2.9 

15 above, and further contains an additional seven amino acid 
residues located on the amino terminus. This protection can 
be attributed to the binding of T1249 to a specific sec^ience 
of gp41 which is contained in the M41A178 construct. 

8- EXAMPLE: RESPIRATORY SYNCYTIAL 

VIRUS HYBRID POLYPEPTIDES 

20 

The following example describes respiratory syncytial 
virus (RSV) hybrid polypeptides with enhanced pharmacokinetic 
properties. In addition, results are presented, below, which 
demonstrate that the RSV hybrid polypeptides represent potent 
inhibitors of RSV infection. 

25 

8.1. • MATERIALS AND METHODS 

8.1.1. PEPTIDE-SYNTHESIS AND PURIFICATION 
RSV polypeptides were synthesized using standard Fast 
Moc chemistry. Generally, unless otherwise noted, the 
peptides contained amidated carboxyl termini and acetylated 
amino termini. Purification was carried out by reverse phase 

30 

HPLC. 
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8.1.2. RESPIRATORY SYNCYTIAL VIRUS 
PLAGUE REDUCTION ASSAY 

All necessary dilutions of peptides were performed in 
clean, sterile 96-well TC plate. A total of eleven dilutions 
for each peptide and one control well containing no peptide 
5 were assembled. The final concentration range of peptide 
started at 50/xg/ml or lOO^tg/ml, with a total of eleven two- 
fold dilutions. The RSV was prepared at a concentration of 
lOOPFU/well in 100^(1 3% EMEM, as determined by a known titer 
of RSV. The virus is then added to all of the wells. 

The media was removed from one sub-confluent 9 6 -we 11 
10 plate of Hep2 cells • The material from the dilution plate 
was transferred onto the cell plates starting with row 1 and 
then transferring row 12, row 11, etc. until all rows were 
transferred. Plates were placed back into the incubator for 
48 hoxirs. 

The cells were checked to ensure that syncytia were 
X5 present in the control wells. Media was removed and 

approximately 50 /xls of 0.25% Crystal Violet in methanol was 
added to each well. The wells were rinsed immediately in 
water to remove excess stain and allowed to dry. Using a 
dissecting microscope, the number of syncytia in each well 
was counted. 

20 

8.2. RESULTS 

Pharmacokinetic studies with the RSV hybrid peptides 
T1301 (Ac-WQEWDEYDASISQVNEKINQALAYIREADELWA WF-NHj) and T1302 
(Ac-WQAWDEYDASISQVNEKINQALAYIREADELW AWF-NHj) containing 
enhancer peptide sequences demonstrated a greatly enhanced 

25 half-life relative to core peptide T786 (Ac- 

VYPSDEYDASISQVNEEINQALAYIRKADELLENV-NH2) , as demonstrated in 
FIG. lOA-lOB. Hybrid polypeptides T1301, T13 02 and T1303 
(AC-WQAWDEYDASISDVNEKINQALAYIREADELWEWF-NH2) also showed a 
greatly enhanced half -size relative to core peptide T1476 
(AC-DEYDASISQVNEKINQALAYIREADEL-NH2) . 

30 RSV hybrid polypeptides T1301, T1302 and T1303, as well 

as polypeptide T786 and T1293, were tested for their ability 
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to inhibit RSV plaque foriaation of H£p2 cells. As indiciated 
in FIGS. IIA and IIB, both the tested hybrid RSV 
polypeptides, as well as the T786 core polypeptide were able 
to inhibit RSV infection. Surprisingly, the T1293 hybrid 
polypeptide was also revealed to be a potent anti-RSV 
5 compound (FIG. 13) . 

9. EXAMPLE: LUTEINIZING HORMONE 
HYBRID POLYPEPTIDES 

The example presented herein describes luteinizing 

hormone (LH) hybrid proteins with enhanced pharmacokinetic 

10 properties. The following LH hybrid peptides were 

synthesized and purified using the methods described above: 
core peptide T1323 (AC-QHWSYGLRPG-NH2) and hybrid polypeptide 
T1324 (AC-WQEWEQKIQHWSYGLRPGWASLWEWF-NH2) which comprises the 
core polypeptide T1323 amino acid sequence coupled with 
enhancer peptides at its amino- and carboxy-termini . As 

X5 demonstrated in FIG. 12A and 12B, the T1324 hybrid peptide 
exhibited a significantly increased half-life when compared 
to the T1323 core peptide which lacks the enhancer peptide 
sequences • 

10. EXAMPLE: PHARMACOLOGY OF HYBRID 
POLYPEPTIDE T1249 

20 

T1249, depicted in FIG. 13, is a hybrid polypeptide 
comprising enhancer peptide sequences linked to a core 
polypeptide derived from a mix of viral sequences. As 
demonstrated in the Example presented in Section 7 above, the 
T1249 hybrid polypeptide exhibits enhanced pharmacokinetic 
2g properties and potent in vitro as well as in vivo activity 
against HIV-1. In the example presented below, the 
pharmacological properties of T1249 in both rodent and 
primate animal models are further described. 



30 
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10.1. MATERIALS AND METHODS 
10.1.1. SINGLE-DOSE ADMINISTRATION TO RODENTS 
T1249 was administered to Sprague-Dawley albino rats in 
a single dose administered by continuous subcutaneous 
infusion (SCI) , subcutaneous (SC) injection or intravenous 
5 (IV) injection. Each treatment group consisted of nine rats 
per sex per group. The groups received sterile preparations 
of T1249 bulk drug substance at a dose of 0^5, 2.0, or 
6.5 mg/kg by CSI. One group received 50mM carbonate- 
bicarbonate, pH 8.5, administered as a control. The peptides 
were given for 12 hours via a polyvinyl chloride/polyethylene 
catheter surgically implanted subcutaneous ly in the nape of 
the neck. Two groups received a single dose of T1249 at a 
dose of 1.2 or 1.5 mg/kg by subcutaneous injection into the 
intrascapular region. Two groups received a single dose of 
T1249 at a dose of 1.5 or 5 mg/kg via intravenous injection. 
The actual milligram amount of T1249 was calculated using the 

^5 peptide content that was determined for the batch 
administrated. 

Endpoints for analysis included cageside observations 
(twice daily for mortality and moribundity) , clinical 
observations, clinical laboratory parameters, body weight and 
necropsy. Blood samples were obtained by a sparse sampling 

20 technique over a 12 hour time period from three rats per sex 
per group at each of the following times: 0.5, 1, 2, 4, 6, 
8, 19, and 12 hours after dose administration. Sample 
analysis was performed using a PcAb ECLIA assay (Blackburn, 
G. et al., 1991, Clin. Chem. 37:1534-1539; Deaver, D., 1995, 
Nature 377:758) . 

25 Yor plasma and lymphatic pharmacokinetic analysis of 

T1249 in rats, T1249 was prepared as a sterile solution in 
bicarbonate buffer and administered as a single dose, bolus 
intravenous injection into the lateral tail vain at a dose of 
20 mg/kg. Blood was collected from the animal from an in- 
dwelling jugular catheter. Samples were collected 

^® immediately after dosing and at 5, 15, and 30 minutes, and 1, 
2, 4, and 6 hours after drug administration. For the 
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10 



15 



25 



30 



analysis of lymphatic fluids, samples were taken immediately 
before dosing and every 20 minutes for the first six hours . 
after dosing. Lymphatic fluid was collected from a catheter 
placed directly into the thoracic lymphacic duct as 
previously described (Kirkpatrick and Silver, 1970, The 
Journal of Surgical Research 10:147-158). The concentrations 
of T1249 in plasma and lymphatic fluid were determined using 
a standard T1249 Competitive ELISA assay (Hamilton, G. 1991, 
p. 139, in "Immunochemistry of Solid-Phase Immunoassay,", 
Butler, J., ed. , CRC Press, Boston). 

10.1.2. RTNGT.E-DOPF ADMINIS TRATION TO PRIMATES 

Sterile preparations of T1249 bulk drug substance were 
administered to cynomolgus monkeys in single doses 
administered by subcutaneous (SC) , intramuscular (IM) or 
intravenous (IV) injection. In a sequential crossover 
design, one group of animals consisting of two per sex 
received a single bolus dose of T1249 by IV (0.8 mg/kg) , IM 
(0.8 mg/kg) or SC (0.4, 0.8, and 1.6 mg/kg) injection. A 
washout period of at least three days separated each dosing 
day. Lyophilized T1249 was reconstituted in sterile 
phosphate buffered saline pH 7.4 immediately prior to dosing. 
The actual milligram amount of test article was calculated 
using the peptide content that was determined for the batch 
administered . 

Endpoints for analysis included cageside observations, 
physical examinations and body weight. For the IV phase of 
the study, blood samples were collected into heparinized 
tubes at the following time points: immediately after 
dosing, 0.25, 0.5, 1.5, 3, 6, 12, and 24 hours after dosing. 
For the IM and SC phases of the study blood samples were 
collected in heparinized tubes from each animal at the 
following time points: 0.5, 1, 2, 3, 6, 12, and 24 hours 
after dosing. Plasma samples were prepared within one hour 
of collection and flash frozen in liquid nitrogen. Samples 
analysis was performed using a PcAb ECLIA assay (Blackburn, 
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G. et al., 1991, Clin. Chem. 32:1534-1539; Deaver, D., 1995; 
Nature 377:758) . 

10.1.3. pRIDGING PHARMACO KTNKTIC STUDY 
Six male cynomolgus monkeys were randomly assigned to 
5 three groups consisting of two animals per group. All doses 
of T1249 were given by bolus subcutaneous injection. The 
study was divided into two sessions. In Session 1, animals 
in groups 1, 2 and 3 received a sterile preparation of T1249 
bulk drug substance ( i.e. , bulk +1249 dissolved in carbonate- 
bicarbonate, pH 8.5) twice daily for four consecutive days 

1® (Study Days 1-4) at doses of 0.2, 0.6 and 2.0 mg/kg/dose, 
respectively. A ten day washout period separated Session 1 
and Session 2. In Session 2, animals in groups 1, 2, and 3 
received a sterile preparation of T1249 drug product (i.e. . 
in aqueous solution, pH 6.5, plus mannitol) twice daily for 
four consecutive days (Study Days 15-18) at doses of 0.2, 0.6 

^5 and 2.0 mg/kg/dose, respectively. 

Blood samples for pharmacokinetic analyses were 
collected on Study Days 1 and 15 to assess single-dose 
pharmacokinetic parameters, and on Study Days 4 and 18 to 
assess steady-state plasma pharmacokinetic parameters. 
Samples were collected at the following times: immediately 

20 pre-dose, and 0.5, 1.5, 3.0, 4.0, 6.0, 8.0 and 12.0 hours 
post-dose. Animals were monitored during Sessions l and 2 
for clinical signs and changes in body weight. 

10.2. RESULTS 

10.2.1. PHARMACOKINETICS OF T1249 
25 ADMINISTERED TO RATS 

Rat models were used to perform an initial assessment of 

plasma pharmacokinetics and distribution of T1249. For 

animals in all dose groups, there were no changes in body 

weight, physical observations, hematology and clinical 

chemistry parameters or macroscopic pathology observations 

30 related to the administration of T1249. 
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Rats that received T1249 by CSI achieved steady-state 
plasma peptide concentrations approximately four hours after 
administration- Both the steady-state concentration in 
plasma (CP33) and calculated area under the plasma 
concentration versus time curve (AUG) were directly 
5 proportional to the administered dose, indicating that T1249 
displays linear pharmacokinetics within the tested dose range 
of 0.5 to 6.5 mg/kg. Both the calculated pharmacokinetic 
parameters and the plasma concentration versus time curves 
for the CSI route of administration are presented in Table 9 
and in FIG. 16A, respectively. 

10 

TABLE 9 



15 









Dose Groups 






Parameter 


0.5 mg/kg 


2.0 mg/kg 


6.5 mg/kg 


CPss 


(/ig/ml) 


0.80 


2.80 


10.9 


AUC,o 


-i2h) (Mg^h/ml) 


7.99 


25.9 


120 



Administration of T1249 by bolus IV injection resulted 
in linear dose-dependent pharmacokinetics within the doses 
tested. In contrast, exposure to T1249 by SC injection was 
not dose-dependent within the dose range studied. The 
calculated pharmacokinetic parameters and plasma 
concentration versus time curves for both SC and IV 
administration of T1249 are shown in Table 10 and FIG. 16B 
respectively. 



25 



30 



TABLE 10 




Dose Groups/Administration 




(SC) (IV) 


Parameter 


1.2 mg/kg 15 mg/kg 1.5 mg/kg 5.0 mg/kg 


^1/2, terminal 

(hours) 


2.02 2.00 2.46 1.86 
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10 



15 



20 



t^^, (hours) 

AUC(o-l2h) 

(/ig-h/ml) 
(Mg^h/ml) 



1.09 
6.37 
27.0 

27.6 



1.88 
21.5 
107 

110 



15.7 
45.6 

47.1 



46.3 

118 

120 



The bioavailability of T1249 administered to rats by 
subcutaneous ly was determined relative to IV administration. 
The results are shown in Table 11 below. At low dose 
(1.2 mg/kg) T1249 exhibited a relative bioavailability (Fr) 
of 73% for subcutaneous administration. Relative 
bioavailability was 30% when high-dose (15 mg/kg) 
administration of T1249 concentration was greater than the 
concentration that inhibits 90% (IC90) of HIV infectivity for 
the full 12 hours of the study at all doses examined. 

TABLE 11 



25 



Route 


Dose 


AUC,o-, 


Normalized AnC(o. 






(mg/kg) 


(f(g*h/ml) 


"> 

(^g*h/ml) 


(%) 


Low Dose 










SC 


1.2 


27.6 


34.5"' 


73 


IV 


1.5 


47.1 






High Dose 










SC 


15 


110 


36.5"" 


30 


IV 


5 


120 







Normalized from a 1.2 mg/kg dose to a 1.5 mg/kg dose by multiplying AUC,o-, by 1.25. 
Normalized from a 15 mg/kg dose to a S mg/kg dose by dividing AUC,o_-, by 3. 



The kinetic data for both plasma and lymph 
concentrations of T1249 are illustrated in FIG. 16C and 
tabulated below in Table 12. T1249 rapidly penetrated into 
the lymphatic system and equilibrated with the plasma 
reservoir of drug within approximately one hour after 
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administration. Following equilibration between the two 
coiapartments, plasma and lymph levels of drug were comparable 
out to three hours post-dosing in four out of five animals. 
One animal had consistently lower concentrations of T1249 in 
the lymph than the other animals, however this animal's lymph 
5 elimination profile was indistinguishable from other members 
of the group. Comparison of the elimination phase half -life 
(tl/2) for plasma and lymph suggest that the transit of T1249 
between these two compartments is a diffusion-controlled 
process. After three hours, there appeared to be a second, 
more rapid elimination phase from the lymphatic system. This 
^0 difference could be mechanism-based (e.g., due to 

redistribution or accelerated peptide degradation in the 
lymph) or due to other factors. The concentration of T1249 
in lymphatic fluid six hours post- injection is greater than 
the IC90 for viral inf ectivity for common laboratory strains 
and for primary clinical isolates of HIV-1. 

The extent of penetration of T1249 into cerebrospinal 
fluid (CSF) was also assessed. T1249 concentrations were 
below the limit of detection (LOD; 2.0 ng T1249/ml CSF) at 
all measurable time points, indicating that T1249 does not 
penetrate the central nervous system after a single dose 
administration . 

20 

TABLE 12 



25 



Parameter 


Plasma 


T1249 

Lymph 


^1/2 i 


2.610.41 


1.3±0.27 


elimination (hours) 






Qax (Mg/ml) 


291 


133***/155*^* 


AUC,o.6h) (Mg»h/ml) 


506 


348**7411*^' 


AUC^o-) (Mg*h/ml) 


598 


390*^7449^*'» 


CI (ml/h) 


7.8 


11.5 
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Calculated averages include one animal (Rat #1) that exMbited significantly lower lymph 
concentrations but a similar kinetic profile by cosqparison to the other animals in 
the groi;^. 

(b> Calculated averages that exclude Rat #1. 



10.2.2. PHARMACOKINETICS OF T1249 
ADMINISTERED TO PRIMATES 

Primate models were used to evaluate the relationship 

between dose level and various pharmacokinetic parameters 

associated with the parenteral administration of T1249. 

Plasma concentrations greater than 6.0 ^iq/ml of T1249 were 

achieved by all routes of administration and quantifiable 

levels (i.e., levels greater than 0.5 ng/ml) were detected at 

24 hours after SC and IV administration. The elimination ti/2 
was comparable for all routes^of administration (5.4 hours, 
4.8 hours and 5.6 hours for IV, SC and IM administration, 
respectively) . Plasma concentrations of T1249 that exceed 
the IC90 values for laboratory strains and clinical isolates 
of HIV-1 were observed at all measured time points throughout 
the 24 hour sampling period. 

A comparison of the data obtained for the parenteral 
administration of 0.8 mg/kg T1249 via all routes of 
administration (SC, IV, and IM) is presented in FIG. 17A. 
FIG. 15B illustrates a comparison of the data obtained from 
SC injection at three different dose levels of T1249 
(0.4 mg/kg, 0.8 mg/kg, and 1.6 mg/kg). The insert in FIG. 
17B contains a plot of the calculated AUC versus administered 
dose . 

T1249 displays linear pharmacokinetics in cynomolgus 
monkeys following SC administration within the range of 
administered doses, indicating that saturation of the 
clearance mechanism or mechanisms has not occurred within 
this range. A summary of the pharmacokinetic data following 
parenteral administration of T1249 to cynomolgus monkeys is 
provided in Table 13, below. A comparison of the plasma AUC 
values indicates that, relative to intravenous 
administration, the bioavailability of T1249 is approximately 
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64% when given by intramuscular injection and 92% when given 
by subcutaneous injection. 

Table 13 

Parameter Administration Route (Dose Level, mg/kg) 

SC (0.4) SC (0.8) SC (1.6) IM (0-8) IV (0.8) 



10 



ti/2, tezninal ^h) 


6.23±0.52 


4.83±0.48 


5.55±0. 


92 


5.57±0.24 


5.35±0.95 


t«ax (h) 


3.97+1.18 


4.58±1.45 


4.72±1. 


81 


2.32±0.43 




{fig /ml) 


3.17±0.09 


6.8511.01 


13.3±2. 


55 


6.37±1.69 


26.7±0.2S 


ADC,o.24) 


37.5±6.6 


8.12111.4 


168±34 


.0 


56.4±12.3 


87.4±25.0 


(/ig»h/ml) 














AUC<o-) 


40.9±8.2 


85.3±1J.6 


181±44 


.0 


59.5±13.1 


92.5±25.0 


(/ig«h/ml) 














Fr (%) 




92.3 






64.4 





10.2.3. BRIDGING PHARMACOKINETIC STUDY 
Bridging pharmacokinetic studies were performed in order 
to compare the plasma pharmacokinetic profiles of the T1249 
bulk drug substances used in the nonclinical trials described 

20 above to the formulated T1249 drug product which would be 
administered to an actual subject or patient, e.g., to treat 
HIV infection. The study was designed as a parallel group, 
one-way, cross-over comparison of three dose levels of T1249 
bulk drug substance and three dose levels of formulated drug 
product. Plasma pharmacokinetics were assessed after single- 

25 dose administration and after steady state was achieved. 
Administration of T1249 by subcutaneous injection 
resulted in measurable levels of peptide in all dose groups. 
The plasma concentration-time curves were roughly parallel 
within all dose groups following the initial dose (Days 1 and 
15) and at steady state (Days 4 and 18) for both T1249 bulk 

30 drug substance and formulated T1249 drug product. 

Furthermore AUC,o-i2hr) values varied in direct proportion to 
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the dose level for both drug formulations. Calculated 
AUC(o-i2hr) values for the drug product ranged from 43% to 80%.. 
of the AUC(o-i2hr) values calculated for drug substance 
following single dose administration, and from 36% to 71% at 
steady state. 

' 5 T1249 bulk drug substance and drug product demonstrated 

similar pharmacokinetic profiles in cynomolgus monkeys 
following bolus subcutaneous administration at the dose 
levels and dose volume tested. A direct comparison of the 
shapes of the plasma concentration-time curves in the present 
study and the shapes of curves from a previous study in 

^® cynomolgus monkeys suggests that there is a depot effect when 
T1249 is administered by subcutaneous injection. This is 
suggested by the increases in time at which maximal plasma 
concentration (t„ax) is achieved and ti/2- 

These results indicate that the formulation of bulk drug 
substance used in the pharmacology program yields comparable 

^5 AUG values and other kinetic parameters to those observed 
following the administration of the formulated drug product. 
These observations indicate that clinical administration of 
T1249 will result in total patient exposure to T1249. 

The present invention is not to be limited in scope by 
20 the specific embodiments described herein^ which are intended 
as single illustrations of individual aspects of the 
invention, and functionally equivalent methods and components 
are within the scope of the invention. Indeed, various 
modifications of the invention, in addition to those shown 
and described herein will become apparent to those skilled in 
25 the art from the foregoing description and accompanying 

drawings. Such modifications are intended to fall within the 
scope of the appended claims. 



30 
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WHAT IS CIAIMED IS ; 

1. A hybrid polypeptide comprising an enhancer peptide^ 
sequence linked to a core polypeptide. 

2. The hybrid polypeptide of Claim l, wherein the 
5 enhancer peptide sequence comprises: WXXWXXXI, WXXWXXX, 

WXXWXX, WXXWX, WXXW, WXXXWXWX, XXXWXWX, XXWXWX, XWXWX, WXWX, 
WXXXWXW, WXXXW, IXXXWXXW, XXXWXXW, XXWXXW, XWXXW, XWXXXW, 
XWXWXXX, XWXWXX, XWXWX, XWXW, WXWXXXW or XWXXXW. 

3. The hybrid polypeptide of Claim 1 wherein the 
10 enhancer peptide sequence comprises WQEWEQKI or WASLWEWF. 

4. The hybrid polypeptide of Claim 1, wherein the 
enhancer peptide sequence is linked to the amino-terminal end 
of the core polypeptide. 

15 5. The hybrid polypeptide of Claim 4, further 

comprising an enhancer peptide sequence linked to the 
carboxy-terminal end of the core polypeptide. 

6. The hybrid polypeptide of Claim 1, wherein the 
enhancer peptide sequence is linked to the carboxy-terminal 

20 end of the core polypeptide. 

7. The hybrid polypeptide of Claim 1 wherein the core 
polypeptide is a therapeutic reagent. 

8. The hybrid polypeptide of Claim 1 wherein the core 
25 polypeptide is a bioactive peptide, a growth factor, 

cytokine, differentiation factor, inter leukin, interferon, 
colony stimulating factor, hormone or angiogenic factor amino 
acid sequence. 

9. The hybrid polypeptide of Claim 1, wherein the core 
^0 polypeptide comprises the following amino acid sequence: 

YTSLIHSLIEESQNQQEKNEQELLELDK ; LEENITALLEEAQIQQEKNMYELQKLNS ; 
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LEANISQSLEQAQIQQEKNMYELQKLNS ; NNYTSLIHSLIEESQNQQEKNEQELLEL ; 

DFLEENITALLEEAQIQQEKNMYELQKL; RYLEANISQSLEQAQIQQEKNMYELQKL; 

RYLEANITALLEQAQIQQEKNEYELQKL ; NNYTSLIHSLIEESQNQQEKNEQELLELDK ; 

TALLEQAQIQQEKNEYELQKLDK ; 

TALLEQAQIQQEKNEYEIiQKLDE ; 
5 TALLEQAQIQQEKNEYELQKLIE; 

TALLEQAQIQQEKIEYELQKLDK ; 

TALLEQAQIQQEKIEYELQKLDE ; 

TALLEQAQIQQEKIEYELQKLIE ; 

TALLEQAQIQQEKIEYELQKLE ; 

TALLEQAQIQQEKIEYELQKLAK ; 

TALLEQAQIQQEKIEYELQKLAE; 

TAIiLEQAQIQQEKAEYELQKLE ; 

TALLEQAQIQQEKNEYELQKLE ; 

TAIiLEQAQIQQEKGEYELQKLE ; 

TALLEQAQIQQEKAEYELQKLAK ; 

TALLEQAQIQQEKNEYELQKLAK ; 
15 TALLEQAQIQQEKGEYELQKLAK; 

TALLEQAQIQQEKAEYELQKLAE ; 

TALLEQAQIQQEKNEYELQKLAE ; 

TALLEQAQIQQEKGEYELQKIiAE ; 

DEFDASISQVNEKINQSLAFIRKSDELL; 

DEYDASISQVNEKINQALAYIREADEL; 
20 DEYDASISQVNEEINQALAYIRKADEL; DEFDESISQVNEKIEESLAFIRKSDELL; 

DEFDESISQVNEKIEESLAFIRKSDEL; or 
QHWSYGLRPG. 

10. The hybrid polypeptide of Claim 9, wherein the 
enhancer peptide sequence is linked to the amino- terminal end 

25 of the core polypeptide. 

11. The hybrid polypeptide of Claim 10, further 
comprising an enhancer peptide sequence linked to the 
carboxy-terminal end of the core polypeptide. 
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12. The hybrid polypeptide of Claim 9, wherein the 
enhancer peptide sequence is linked to the carboxy-terminal 
end of the core polypeptide. 

13. The hybrid polypeptide of Claim 9, wherein the 
5 enhancer peptide sequence comprises WQEWEQKI or WASLWEWF. 

14. The hybrid polypeptide of Claim 9, wherein the 
hybrid polypeptide comprises the amino acid sequence: 
WQEWEQKITALLEQAQIQQEKNEYELQKLDKWASLWEWF , 
WQEWEQKITALLEQAQIQQEKIEYELQKLIEWEWF or 

10 vYPSDEYDASISQVNEEINQAliAYIRKADELLENV. 

15. The hybrid polypeptide of Claim 14, further 
comprising an amino terminal acetyl group and a carboxy 
terminal amido group. 

15 16. A core polypeptide comprising: 

YTSLIHSLIEESQNQQEKNEQELLELDK ; LEENITALLEEAQIQQEKNMYELQKLNS ; 

LEANISQSLEQAQIQQEKNMYELQKLNS ; NNYTSLIHSLIEESQNQQEKNEQELLEL ; 

DFLEENITALLEEAQIQQEKNMYELQKL ; RYLEANISQSLEQAQIQQEKNMYELQKL ; 

RYLEANITALLEQAQIQQEKNEYELQKL; NNYTSLIHSLIEESQNQQEKNEQELLELDK; 

TALLEQAQIQQEKNEYELQKLDK ; 
20 TALLEQAQIQQEKNEYELQKLDE; 

TALLEQAQIQQEKNEYELQKLIE ; 

TALLEQAQIQQEKIEYELQKLDK ; 

TALLEQAQIQQEKIEYELQKLDE ; 

TALLEQAQIQQEKIEYELQKLIE ; 

TALLEQAQIQQEKIEYELQKLE ; 
25 TALLEQAQIQQEKIEYELQKLAK; 

TALLEQAQIQQEKIEYELQKLAE ; 

TALLEQAQIQQEKAEYELQKLE ; 

TALLEQAQIQQEKNEYELQKLE ; 

TALLEQAQIQQEKGEYELQKLE ; 

TALLEQAQIQQEKAEYELQKLAK ; 
30 TALLEQAQIQQEKNEYELQKLAK; 

TALLEQAQIQQEKGEYELQKLAK ; 
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TALLEQAQIQQEKAEYELQKLAE ; 
TALLEQAQIQQEKNEYELQKL2VE ; 
TALLEQAQIQQEKGEYELQKLAE ; 
DEFDASISQVNEKINQSLAFIRKSDELL ; 
DEYDASISQVNEKINQALAYIREADEL ; 
5 DEYDASISQVNEEINQALAYIRKADEL; DEFDESISQVNEKIEESLAFIRKSDELL; 
DEFDESISQVNEKIEESLAFIRKSDEL; or 
QHWSYGLRPG- 

17. The core polypeptide of Claim 16, further 
comprising an amino terminal acetyl group and a carboxy 

^0 terminal amido group. 

18. A method for enhancing the pharmacokinetic 
properties of a core polypeptide comprising linking a 
consensus enhancer peptide sequence to a core polypeptide to 
form a hybrid polypeptide, such that, when introduced into a 

15 living system, the hybrid polypeptide exhibits enhanced 
pharmacokinetic properties relative those exhibited by the 
core polypeptide. 

19. The method of Claim 18 wherein the core polypeptide 
is a therapeutic reagent. 

20 

20. The method of Claim 18 wherein the core polypeptide 
is a bioactive peptide, growth factor, cytokine, 
differentiation factor, inter leukin, interferon, colony 
stimulating factor, hormone or angiogenic factor. 
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